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An evaluation and analysis of nearshore water quality
data has been undertaken. These data have beencollected along the
Canadian shoreline of the Great Lakes between 1967 and 1973 by the
Ontario Ministry of the Environment (O.M.E.). The nearshore study
fits within the framework of a much larger ongoing program at Queen's
University for the purpose of storage, management and analysis of
hydrometric, water quality and physical data undertaken for the
International Joint Commission's (I.J.C.) Pollution from Land Use
Activities Reference Group (PLUARG). The recognition, by both
Canada and the United States, of the continued deterioration of Great
Lakes water quality and the heavy and increasing use of the nearshore
waters, often for incompatible purposes (for example — recreation and
waste disposal) makes a thorough study of existing nearshore water quality
data necessary.
The single most difficult problem in dealing with this
data set is its high degree of spatial and temporal variability;
therefore, considerable time and effort was expended in obtaining an
appreciation of its complexities.
This is achieved with detailed
summaries of station and parameter sampling frequencies.
Parameters
which meet specific sampling frequency criteria are identified as
being suitable for statistical analysis.
























































































































































































































































































































































































































































































The completion of this report would not have been
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 1. INTRODUCTION AND BACKGROUND
1.1. INTRODUCTION
 
The purpose of this study was to undertake the evaluation
and analysis of nearshore water quality data collected along the Canadian
shoreline of the Great Lakes by the Ontario Ministry of Environment
(0.M.E.) between 1967 and 1973. The project, designed by the Canadian
Task D Technical Committee of the International Joint Commission's (I.J.C.)
Pollution from Land Use Activities ReferenceGroup (PLUARG) fits within
the framework of a much larger, ongoing program designed for the storage,
management and anlysis of hydrometric, water quality and physical data,
funded through PLUARG to Dr. E. D. Ongley at the Department of Geography,
Queen's University.
The pollution of boundary waters in the Great Lakes was
studied by the I.J.C. as early as 1913 with the first report being
released in 1918. Primary concern in that report was directed toward the
interconnecting waterways (St. Clair River, Lake St. Clair, Detroit River
and Niagara River) with some consideration of the water quality in both
the western and eastern ends of Lake Erie and Lake Ontario plus the
international section of the St. Lawrence River. Subsequently, the I.J.C.
has published several documents on Great Lakes water quality. The 1950
Report of the I.J.C. on the Pollution of Boundary Waters indicated that
many communities within the Great Lakes basin had constructed sewage
treatment plants but had not managed to keep pace with increased urban
growth. Municipal effluents appeared as the major problem both in 1918
and 1950 with industrial effluents being recognized as a growing problem
'by 1950 (IJC, 1969a).
In 1964, the governments of both the United States and
Canada informed the I.J.C. that sewage and industrial wastes were
probably pollutingLakes Erie and Ontario and the international section
of the St. Lawrence River. The I.J.C. was instructed to investigate the
existence of pollution in these waters and to report to the two govern—
ments. The report was to consider the causes, extent and location of
pollution as well as to recommend practicable remedial measures. The
United States began studies in Lake Erie in 1963 and both countries
began work in the whole of the lower Great Lakes in 1964. The I.J.C.
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submitted its final report in 1969 (IJC, 1969a). As a direct result of
this report, the United States and Canada signed the Great Lakes Water
Quality Agreement on April 15, 1972. This agreement recognized the
deterioration of water on each side of the boundary and with the inten—
tion of preventing further pollution, set out common objectives to
restore and enhance water quality in the Great Lakes.
The International Joint Commission's 1918 report, based
on research conducted from 1913 to 1916, revealed that "... the open
waters of Lakes Erie and Ontario were essentially free of bacterial
pollution except for the western basin of Lake Erie near the mouth of the
Detroit River and Lake Ontario near the mouth of the Niagara River"
(IJC, 1969a). These early investigations were basically concerned with
bacterial contamination from domestic sewage as industrial effluents were
not thought to be of sufficient quantity to seriously impair water
quality.
The I.J.C., in 1918, did make mention of the fact that
"bacterial pollution on a localized scale in nearshore waters did, however,
constitute a direct threat to municipal water supplies" (IJC, 1969a).
The already heavy and increasing use of the nearshore
waters of the Great Lakes for incompatible purposes, including recreation,
municipal water supplies and receptacles for direct discharges of treated
and untreated municipal and industrial wastes,
makes it essential that
the water quality of these waters be monitored.
The effect of diffuse
sources of pollutants,
particularly those contributed by tributary
drainage, enhances this need.
Monitoring programs in the nearshore
































































































lower Great Lakes in 1966. The province has conducted periodic monitor—
ing programs in the upper Great Lakes (Lake Huron and Lake Superior)
since 1966. However, the major involvement in these two lakes commenced
in 1973 under the terms of the Upper Lakes Reference Group of the
International Joint Commission (OME, 1972a, b).
The report on water quality in the Lower Great Lakes com—
pleted by the I.J.C. (1969a, b) demonstrated that diffuse land drainage
sources of pollutants were not only significant but difficult to
measure. Consequently, in November of 1972, after the signing of the
Great Lakes Water Quality Agreement between Canada and the United States
(April 15, 1972), the I.J.C. appointed an International Reference Group
on Great Lakes Pollution from Land Use Activities responsible for
investigating the effects of land use activities on boundary waters.
The complexity of the problem led to the preparation of a study plan
composed of four tasks. The nearshore surveillance program designed by
O.W;R.C. (now within 0.M.E.), fits into the objectives of Task D, which
is devoted to obtaining historical and supplementary information on the
inputs of materials to the boundary waters, their effect on water quality
and their significance in these waters in the future and under alterna—
tive management schemes (IJC, 1974).
As stated above, the present study was outlined by the
PLUARG Canadian Task D Technical Committee and was to be carried out
under the following general guidelines:
1. Examination of the raw data is to be made for the
purpose of establishing relevant data subsets within
the limnological context (all available parameters
are to be considered initially with those most
sensitive to changing conditions employed in subse—
quent analyses).
2. Statistically analyze the data according to the
established data subsets for the purpose of
identifying regional water quality patterns.
3. Relate seasonal and long—term water quality
variations to particular causes or sources such
as available information on river discharges
into the various bodies of water.
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This report includes a discussion of the study area and
factors affecting nearshore water quality, a description of the data file,
an outline of the procedures used from summarizing and analyzing the data,
a discussion of the results and, finally, appropriate conclusions. Because
of the size of the study area and the volume of data, a large number of
appendices are used so that the main body of the text can be kept as con-
cise as possible. References will be made within the text to the approp—
riate appendices.
The work reported herein was undertaken as partial fulfill-
ment of the requirements for the degree of Master of Science by Mr. D.
Gregor under the supervision of Dr. E. D. Ongley, Department of Geography,
Queen's University, with the foreknowledge of PLUARG and the supporting
government agencies. Mr. Gregor is continuing to work with the nearshore
water quality data for PLUARG within Fisheries and Environment Canada at
the Canada Centre for Inland Waters, Burlington, Ontario. A subsequent
volume reporting on the work currently in progress is forthcoming.
This report has been considered by PLUARG but remains the
contribution of the author's. It should not be interpreted as an official
statement of the International Joint Commission, the Pollution from Land
Use Activities Reference Group, Fisheries and Environment Canada or the
Ontario Ministry of the Environment.
1.2. THE STUDY AREA
1.2.1 Bhysical Setting
The monitoring program has been conducted predominantly
within the Canadian nearshore waters and includes the Canadian nearshore zone
of Lakes Ontario, Erie, St. Clair, Huron and Superior. Sampling of American
nearshore waters within this project has generally been restricted to Lake
St. Clair (thus, the whole of Lake St. Clair has been monitored), the Western
Basin of Lake Erie and the Niagara River mouth in Lake Ontario. Consequently,
it is necessary to direct a discussion of the study area toward both the
United States and Canadian portions of the Great Lakes basin.1
 
1Included in the main body of the text is a summary of those factors particu—
larly germane to water quality. Other background information summarized
from references dealing with physical geography, periglacial and glacial
history, physical features (geology, physiography and geomorphology), hydro-
logy and climate (including a brief discussion of climatic effects upon water




The present (1971) population of the Canadian portion of
the Great Lakes basin exceeds 6,300,000. This is a substantial increase
from the beginning of the twentieth century when the population was just
1,768,000. Of the present population total, the Canadian Lake Ontario
basin is most heavily populated (more than 3,800,000), followed by the
Lake Erie basin (more than 1,500,000) and Lake Huron (including
Georgian Bay and North Channel) and Lake Superior basins with 906,000
and 142,000 respectively (Env't. Cnda., 1973). By the year 2000, the
population in the Canadian Great Lakes basin is expected to double from
the present 6.2 million to 13.7 million with muchof this increase
occurring in the Lakes Erie and Ontario basins (IJC, 1969a). Figure 1.1
shows the population growth in Canada for each lake basin while Figure
1.2 shows the population growth for the Canadian Great Lakes basin from
1901 through to 1971, as well as the population growth for the U.S.
portion of the basin for a similar period.
The tendency toward greater urbanization is expected to
continue in Ontario. The degree of urbanization in Ontario, in terms
of population, at the time of the 1966 census was 77%. Even more sig—
nificant, however, is the population distribution with respect to the
lakes. The 1961 census data indicated that 63% of Ontario's urban
population was contained in the 22 counties adjacent to Lakes Erie and
Ontario (IJC, 1969a). Yeates (1975) has estimated that by the year
2001 there will have been a comparative shift of population to the
Ontario portion of the Windsor to Quebec City axis, such that, by the
year 2001, the Ontario portion will contain nearly 64% of the axis
population (more than 12 million people) as compared with 58% (about 7
million people) in 1971. "The greatest growth zone", according to
Yeates, "will be in the general area between Toronto and Kitchener".
Clearly, population pressures on the lower Great Lakes will definitely
increase in the next few decades.
Although the Lake Ontario basin is the most heavily
populated basin on the Canadian side, the Lake Erie basin has the
greatest number of people when both Canada and the United States are
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*Data from Environment Canada (1973), not including Lake Michigan.
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 and the U.S. totals approximately 6,722,000 (1970 and 1971 figures for
U.S. and Canada respectively) while the p0pu1ation of the Lake Erie
basin for both countries for the same years exceeds 11,616,000 (Env't.
Cnda., 1973). These combined figures are particularly relevant to the
health of the entire lake; however, in the study of Canadian nearshore
waters, the Canadian population distribution and density are of major
importance but must be kept in perspective with the total population
figures.
1.2.3 Effects of Population Growth
 















observed that sedimentation rates have increased for Lakes Erie and
Ontario since European settlement (ca. 1850) of the basins. Lake Erie
has experienced as much as a three—fold increase in sedimentation rates
while Lake Huron has not changed significantly.
Nitrogen loadings since
the time of settlement have increased as much as 12 and 7 times in Lake
Erie and Lake Ontario respectively, while phosphorous loadings have
increased as much as 8 times in both lakes during the same time period.








With greatest population pressures in the Lake Erie
basin, it is not surprising that Lake Erie, because of its shallow depth
and therefore limited ability to absorb anthropogenic impacts,
has
undergone significant changes.
Recently, these changes have been the
subject of a special volume of research papers entitled "Lake Erie in
the Early Seventies"
(Burns, 1976),
and of an ongoing U.S. Corps of
Engineer's Research Program (USACE,
1975).
Since 86% of Lake Ontario's
inflow is from Lake Erie via the Niagara River, degradation of Lake






























potassium are demonstrated for Lakes Ontario, Erie, Huron and superior in
   
Figures 1.3 to 1.6.
Visual comparison can be made with basin population
growth (Figure 1.1). With prOSpects for continued population growth
within the Great Lakes basins, between l—ZZ per year in the U.S. (IJC,
1969a) and about 2% per year in Canada (Yeates, 1975), there is clearly
a potential for further deterioration of the lakes. It is within the
context of these types of observations that the Canada—United States
agreement on water quality in the Great Lakes (mentioned above)
acknowledges the importance of establishing and maintaining water
quality objectives.
1.2.4 Land Use and Development
 
The recognition that land use within the drainage basin
affects water quality is illustrated by the fact that this project fits
into the framework of a much larger study investigating the pollutional
effects of land use activities. Although urban concentrations are of
major concern because of direct discharges to the nearshore zone of
municipal and industrial wastes (treated and untreated), land use for
other purposes, particularly agriculture, is also important. Land uses
within the drainage basin largely determine the quality of tributary
drainage. Thus, this brief consideration of present land use and
development patterns within the Canadian Great Lakes drainage basin
provides perspective.
Due to the geology and soils of Ontario, agriculture is
largely limited to the Lakes Ontario, Erie and southern Lake Huron
watersheds. .Approximately 26% (8,172 kmz) of the Canadian drainage
basin of Lake Ontario is devoted to a wide variety of agricultural uses.
Field crops are common, along with beef and dairy farming, as well as
Slightly less than 40%
(7,986 km2) of the Canadian Lake Erie drainage basin is used for
vegetable and fruit farms in suitable areas.
agriculture.
Field crops including corn, wheat and mixed grains are
common, as well as beef, poultry,
dairy and cash crops such as
vegetables and tobacco (IJC, 1969a, b).
The influence of urban concentrations is largely
limited to Lakes Huron, Erie and Ontario, particularly the latter two.
In the Lake Ontario drainage basin, approximately 2,278 km2 of land
 
 Figure 1.3 Changes in the Chemical Characteristics





































































































































































































































































































































































































































































































were either urbaniZed or designated for urbanization in 1969 (IJC, 1969b).
This figure will have increased considerably since that date with the
majority of the increased urbanization occurring in the Oshawa—Niagara
Falls corridor. Lake Erie, for the same year, had 308 km2 urbanized
(IJC, 1969a) with the major urban centres being London, Chatham, the
urban centres of the Grand River basin and the urbanized areas located
upstream from Lake Erie along the Detroit River, Lake St. Clair and
St. Clair River. The remainder of the basins have a very small percen—
tage of their basin area urbanized.
The Lake Superior and North Channel watersheds, located
on the Canadian Shield, are almost totally classed as forest land and
wildland although isolated pockets of general farmland do exist.
Similarly, a large portion of the Georgian Bay basin is also classed
as forest and wildland.
The Lake Huron basin contains some forest and
wildland while Lakes Erie and Ontario basins contain 894 km2 and 2,128
km2 respectively (IJC, 1969a, b).
1.2.5 Lake Processes Affecting Water Quality
 
A variety of dynamic processes present in a large lake
influence the quality of nearshore waters by affecting the diffusion
rate of municipal and industrial effluents and tributary water.
Com—
plete replacement of the nearshore water may also occur.
Lake processes,
then, must be considered in the analysis of nearshore water quality data.
A summary discussion of these processes is provided in Appendix 1.2.
The two principles which underlie this discussion are;
first, that the
main generator of motion in a lake is the stress applied to the water
surface by the wind,
andsecond, that the thermal regime of a lake has
a definite effect upon lake dynamics.
The diScussion of lake dynamics and thermal regime is not
included in the main body of the text for the sake of brevity.
However,
based upon an understanding of lake processes, certain conclusions were
arrived at which have had a direct bearing upon the direction of this
study,
particularly in reference to data file partitioning.
Foremost,
is the fact that the variables affecting nearshore water quality,
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although generally understood, are transitory in space and time, pre—
cluding any kind of process-response study using these data. As an
alternative analytical strategy, aggregation of the data into relatively
large time periods tends to homogenize the effects of these process
variables. The data aggregation is discussed in Chapter 4.
1.2.6 Nearshore Water Use
Municipal and industrial water use along the Canadian and
United States shoreline of the Great Lakes is summarized in Table 1.1.


































































































































































Table 1.2 Summary of Municipal and Industrial Waste
Discharges* into the Great Lakes**










Municipal 1290 75 300 6800 95 490 55 No
data
Industrial 945 negligible 19 11360 19 1325 380 avail—
able
        
* Values are in millions of litres per day.
** Data are approximated from Great Lakes Water Use Map
(Lee and Beaulieu, 1971). No date for these data is
provided by Lee and Beaulieu.
One of the most important uses of the Canadian Great Lakes
shoreline and nearshore areas is for recreational purposes. For Lakes
Superior, Huron, Erie and Ontario, shoreline land use for recreational
purposes amounts to 9, 21, 41 and 18% respectively (Lee and Beaulieu,
1971). The heavy recreational use of Lake Huron, including Georgian Bay
and Lake Erie is further reason for investigation of nearshore water
quality in these bodies of water.
Both Lake Erie and Georgian Bay have
been subject to deterioration in water quality in recent years and the
ever—increasing population will further add to the pressures upon the
maintenance of water quality objectives.
 2. DESCRIPTION OF THE DATA FILE
2.1. INTRODUCTION
 
A copy of the Nearshore Water Quality_Master File, for
the years 1967 to 1973, was provided on magnetic tape by the Ontario
Ministry of the Environment in the late spring of 1975.
That file contains
the raw data for this research. To assist in the evaluation of the data
file, a Parameter Description File (P.D.F.), Station Description File
(S.D.F.) and large—scale station location maps were obtained from 0.M.E.
The P.D.F.
identifies each parameter by name and code number,
and indi—
cates the initiation date of replacement analytical procedures.
The
S.D.F.
provides latitude and longitude information for most sampling
stations, including those monitored infrequently.
2.2. DATA FILE
The Nearshore Water Quality Master File contains parameter
values
(see below)
listed by station for the 17 bodies of water identified
















































































S Table 2.1 Water Bodies for which Data Exist
f Water Body Code No.* Water Body Code No.
R Lake Superior Ol Hamilton Harbour 09
Lake George 02 Detroit R. 10
‘ Georgian Bay 03 Lower Niagara R. 11
3 Lake St. Clair 04 St. Lawrence R. 12
3 Upper Niagara R. 05 St. Mary's R. 13
§= Lake Ontario 06 North Channel 14
Whitefish Bay 07 St. Clair R. 15
E Lake Huron 08 Lake Erie 16
I Bay of Quinte l7
   
* Code number assigned by O.M.E.
Within the nine water bodies selected for further con—
sideration, as many as 18 station types (Table 2.2) may have been sampled,
1% however for this study only 'lake stations (01)' were considered relevant.
:‘ Excluded were stations such as 'tributary streams (15)' and various
outfalls which could provide peripheral information.





r, Outfall — Mun. WPCP 03
‘ Outfall — Mun. storm 05
Outfall — Mun. combined raw 07
Outfall - Mun. relief 08
(combined storm overflow) '
: Outfall — Ind. process 09
‘
Outfall — Ind. cooling
10
; Outfall — Ind. storm 11
Outfall — Ind. San. outfall I 12
Outfall - Priv. WPCP 13






? ’ Landfill project _ l6
- Harbour station 17




j Intake - Priv. 22
 
 The geographic irregularities of the natural shorelines
as well as the bathymetric variations in the nearshore zone of the Great
Lakes results in variable distance both between station and shore, and,
between contiguous stations.
Changing O.M.E. objectives and sampling
strategies (discussed below) during the period of record have resulted in

































































































































































































































































































































2.3. SAMPLE COLLECTION AND LABORATORY ANALYSIS
2.3.1 Monitor Cruises
Nearshore samples are collected by research vessels on a
cruise basis. Cruises have varied in length from 2 or 3 days to several
weeks, depending upon the size of the water bodyand the number of
stations which must be sampled. Severe weather conditions, vessel
mechanical problems and equipment failure can add significantly to the
length of a cruise. Thus, cruise data cannot generally be considered to
be synoptic in light of transitory atmospheric and limnologic conditions.
Analysis on a cruise basis is, therefore, of questionable value. Samp—
ling usually begins in April and continues through to November and
occasionally December. Within this time period, a lake will pass through
three limnological seasons — spring, summer and fall.
Dates on which 'lake stations' were sampled for each
water body are listed in Appendix 2.2. Sampling locations for each date
are included, thereby, providing an indication of Spatial and temporal
sampling variability.
Generally, a station was occupied once per cruise prior
to the 1972 season. For the 1972 season, this procedure was altered
so that each station was occupied three consecutive times during each of
the four to six cruises usually completed during a year (OME, l975d).
This new procedure, followed since 1972, was
intended to provide greater
statistical strength per station within the data file but may reduce the
number of cruises feasible during the sampling season.
2.3.2 On—board Procedures
Sampling procedures, as outlined below, are described in
"Sampling and Analytical Techniques for Great Lakes Surveys" (OWRC, 1970).
A short cruise aboard the sampling vessel GuardianNo. l in the Western
Basin of Lake Erie in mid-September, 1975, was informative with respect
both to sampling procedures and problems. For example, although the
period of observation was initially intended to be of two days duration,
rough water conditions forced a delay in sampling, resulting in the
observation period being limited to only one day.
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Generally,
surface samples are taken at a depth of 1.5
metres although considerable variation does occur in the earlier years
(1967-69).
Subsurface samples are taken at various depths depending
both upon the depth of the water at a particular station and bathy—
metric characteristics of the water body.‘ Again, the greatest variation
in subsurface sample depths occurs in the earlier years of data collec—
tion.












conditions, may make this impractical.


































































































































































































































































Table 2.3 Standard Sampling Depths
Body of Water Sampling Depths
Lake Ontario and (l) 1.5 m from the surface
Bay of Quinte (2) 10.0 m from the surface where
possible
(3) total depth minus 3 metres whenever
the total depth > 17 m.
Lake Erie
(l)
1.5 m from the surface
(2) 7.0 m from the surface where
possible
(3) total depth minus 3 m whenever the
total depth > 14 m.
Lake St. Clair
(l)
1.0 m from the surface













10.0 m from the surface where
Channel and Georgian Bay possible
(3) total depth minus 9 m from the
bottom whenever the depth is
> 100 m.
or
total depth minus 3.0 m
whenever the depth is > 17 m but
< 100 m.
 
Water depth, as recorded by echo sounder, is used to
verify positioning, carried out by radar fixing.
Positioning accuracy















Three provincial laboratories, located in Toronto, London
and Thunder Bay, have been used to analyze the lake samples. Generally,
the Toronto laboratory receives samples from Lake Ontario, Bay of Quinta,
and Eastern and Central Lake Erie; London receives samples from Western
Lake Erie, Lake St. Clair, Lake Huron, Georgian Bay, North Channel and
possibly parts of Lake Superior; while Thunder Bay receives most of the
Lake Superior samples. This is a general rule, not a strict practice,
and is dependent upon backlog and facilities at each laboratory.3
Samples generally reach the laboratory within one day of collection and
are kept frozen until analyzed.
2.4. PARAMETERS
Preliminary scanning of the data file for the period of
record revealed that a total of 82 different parameters were monitored
during the period of record for all lake stations for the nine bodies
of water selected above.
The number of observations for each of these
82 parameters, per water body, was derived from a series of annual
arrays containing parameter counts by station per body of water. These





These parameter summaries indicate that generally the
same parameters are sampled most frequently for each water body.
For
example, in Lake Ontario 28 parameters have percentage of occurrence
values greater than 30.4 The other eight water bodies have percentages
of occurrence greater than 30 for most of these 28 parameters, the
exceptions being largely restricted to the bacteria parameters. 0f
importance to the data partitioning described below is the observation








1+The value of "percentage of occurrence" is determined from the parameter
which was recorded most frequently.
This value is indicative of, but
does not necessarily equal, the total number of samples per water body




Table 2.4 cannot be used to determine definitively which
parameters occur with sufficient frequency to allow valid statistical
analyses because of the likely possibility that a parameter may have a
small percentage of occurrence value for the period of record but
sufficient number of samples for one or more years or limnological
seasons.
This latter possibility has arisen apparently from annual
reappraisal of the sampling program.
Selection of parameters with
sufficient samples to permit valid statistical analysis will be dis—
cussed in detail below.
2.5. RAW DATA ASSESSMENT
2.5.1 General Problems
Examination of sample data for various water bodies at
diverse times and locations has revealed some obvious problems within
the data set.
For example, station "01" in Lake Superior has water
depth values which vary from 1 metre to 203 metres.
A similar, though






















a significant positive correlation between Secchi disc depth (926) and
turbidity
(015) exists for 1967 data of the western basin of Lake Erie,
when in fact,
a negative relationship is eXpected between these two
parameters.
Occasionally,
very incongruous sample values occur within
the data.
The sources of these and similar problems cannot be
specifically identified, but may in the Lake Superior cases lie in the
inability of the cruise vessel to accurately position itself 'on
station'.
Otherwise, it is to be expected that some errors will arise
in the process of recording or transcribing field recOrds and key punch-
ing data.




































































































































































































































































































































































































L. OXTARIO 8. OF QUINTE L. ERIE L. ST. CLAIR L. HURON












































































































































































































































































L. ONTARIO 8. OF QUINTE L. ERIE L. ST. CLAIR L. HURON GEORGIAN B. N. CHANNEL WHITEFISH B. SUPERIORL.
.eter Parameter No. of No. of No. of No. of No. of No. of No. of No. of No. of
:2 Description 'occur- i'ge occur— %'ge occur— %'ge occur- %'ge occur- %'ge occur- %'ge occur— %'ge occur- %'ge occur— %'ge
rences rences rences rences rences
rences rences rences tenses
335 Wind Direction 12,601 85 620 45 13,039 89 711 75 2,415 92 1,699 92 788 95 40 100 1,386 6;
9:1 Air Tegpera-










A (meters) 14,843 100 1,327 95 14,106 96 692 73 2,155 83 1,575 86 732 88 28 70 2,254 100
929 Secchi Disc





Oxycen Demand 248 2 7 <1 385 3





Total Solids 357 2
























































































































































































































































































































































































































































































Turbidity - Hellige Turbidimeter - Jackson Units
- replaced by Bach Model 2100A, Jan.
1973
2Phenols (ppb) replaced by 4AA? Method (ug/l)
(4 - aminoantipyrine method), June 25, 1973
3
procedure date Jan. 1,
























































4 Jan. 1, 19
72
According to the Parameter Description
File, parameters 877,879 and 881 are
not stored in this file. In fact,
values do appear in these parameters






























Parameter entries which are recognized as probably erroneous or in-
accurate are identified within the data summary sections of each water
body.
2.5.2 Analytical Problems
With the shift from monitoring effluents to analyzing
natural, relatively uncontaminated waters, O.M.E. laboratories have
sought better analytical methods with subsequent precision improvements
(Mr. D. King, OME, personal communication; King 1975a, b). Consequently,
comparison of some parameters for the entire period of record may be
meaningless. For example, the initiation of auto—analyzer procedures
I
for total phosphorus and orthophosphate revealed accuracyproblems in
the manual techniques. Similarly, manual analyses do not correlate
well with the auto—analyzer results for all nitrogen and phosphorus
parameters, as well as for chloride and phenols. Toronto Main
Laboratory was the first to receive auto—analyzers, and since samples
may be analyzed at any of the three laboratories, a wide variation may
occur in parameter values simply due to the use of different laboratory
techniques.
However, by 1970 all laboratories and techniques had been
standardized with only improvements in precision occurring since that
date.
The effect of these analytical problems will limit some
data analyses by making long—term comparisons of certain parameters
questionable.
The timeframes outlined below and used here for analysis,
reflect periods of comparable analytical technology and, therefore,
potential data compatibility.
2.5.3 Conclusions
The single most difficult statistical problem in dealing
with this data set is the high degree of spatial and temporal varia-
bility of the data set for reasons outlined above.
Not surprisingly,
the data set alone cannot be used to quantitatively express river mouth


































































































































 3. DATA SUMMARIES AND SELECTION
3.1. INTRODUCTION
 
The volume of nearshore water quality data available for
the eight water bodies selected, and the evolutionary development of the
data collection program precluded the determination of meaningful
analytical procedures prior to derivation of detailed data summaries.
Several summaries were developed in a logical though subjective progres—
sion to learn more about the data file with the final data selection
based upon these summaries and supplementary information. The initial
summary of the parameter sampling frequencies has already been discussed
in Chapter 2.
3.2. DATA SUMMARY
3.2.1 Station Sampling Frequencies
 
Evaluation of spatial continuity of the data is achieved
by assigning stations for which data exist to geographic areas by
grouping adjacent or contiguous stations.
The grouping procedure em—
ployed herein (discussed more fully in Section 4.2) is a pragmatic
partitioning reflecting presence or absence of significant tributary
inputs within the context of existing O.M.E. station configurations.1
Appendix 3.1, which illustrates
this type of summary for Lake Ontarioz,
also provides some indication of temporal continuity within the geo—
graphical context by outlining the years during which samples were taken
for each station within
the group.


























































































The inconsistent variation through time and space both
for stations sampled and for parameter sets at and between stations,
creates a significant data management problem in terms of selecting
statistically significant data subsets based on sampling frequency
summaries by parameter and by station.
Both of these summaries had a
specific purpose for which it proved adequate; however, there was no
easy means of meshing the two together such that data selections could
be made on the basis of parameter sampling frequency and temporal and
spatial sample distribution.
Consequently, a third summary was produced
which overcomes this problem.
3.2.3 Temporal—Spatial Distribution Summary
 
This summary is designed to provide not only the fre—












The summary indicates the number of occurrences of each parameter
























































































































question of retaining a parameter for further analysis was whether that
parameter was sampled with sufficient frequency for statistical purposes
in one or more years per geographic region. The minimum number of samples
permissible per year for each region was arbitrarily chosen as 30,
regardless of the number of stations within the geographic region. The
number of stations per region, being variable within and between water
bodies, was an indirect consideration in the parameter selection process.
The following basic exceptions were also considered.
(1) An exception was made from the critical minimum value of
30, when samples recurred in any geographic region from
year to year for several years.
(ii)
Parameters were retained for which few samples per year
per geographic region were recorded but where most of
the seven years of record contained data. This excep-
tion was permitted only for parameters which were
deemed to be highly significant to the appreciation of
the health of the nearshore waters.
(iii)
Finally, an exception was made for critical parameters
in critical geographic regions (eg. total and dissolved




















parameters.- First (and prior to the selection of parameters as outlined
above), a list was made of parameters to be retained for further analysis
within each water body.
These lists were derived from consideration of
the parameter frequency sampling summaries (from which Table 2.4 was
derived),
the station monitoring summaries
(exemplified by Appendix 3.1),































Parameters Retained for Analysis












































































II - Derived from spatial - temporal distribution summary
.
p
I - An initial selection prior.to producing the spatial ~ temporal distribution summary
11 I
II I II
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II I
PARAMETER CODE















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Erie, numerous parameters5 which had been retained initially were
omitted in the final list "II" because of the distribution of a small
number of samples among several groups during several years. The
remaining water bodies, i.e. Lake St. Clair, Lake Huron, Georgian Bays,
North Channel and Lake Superior and Whitefish Bay show considerable
similarity in the parameters retained by the two methods.
3.4. FINAL PARAMETER SELECTION
Selection of parameters for further analysis, as outlined
for procedure "II" above, leaves, according to Table 3.1, more than 30
parameters per water body. However, five of these parameters retained
are not indicative of water quality but of prevailing atmospheric con—
ditions7 at the time of sampling. Eliminating these five atmospheric
descriptors and the plankton parameters (parameter no.'s 877 and 879)
from analysis leaves, at a minimum, 25 water quality parameters per
water body. Assuming that an average of 28 parameters8 per water body
were retained for analysis with 76 geographic regions within the study
area, the partitioning procedure outlined in Chapter 4 would require
 
5These parameters include biochemical oxygen demand (001), total solids
(005), suspended solids (007), total ashed solids (008), total volatile
solids (011), total hardness (050), sulphate (058), fluoride (060),
total calcium (064), total magnesium (065), total sodium (066), total
potassium (067), total silica (276) and dissolved silica (277).
6With the exception of the biological data discussed above.
7These parameters are: weather conditions (902), wind force (905), wind
direction (908), air temperature (911) and barometric pressure (914).
These parameters are of little value to the interpretation of average
water quality.
8The number 28 used in these calculations has no significance other than
its use to provide a rough estimate of the amount of space required to
present the material in the chosen format (see Chapter 4) for all of the
parameters selected in each of the water bodies.












resulted in at least another 2,000 pages













































































































































































































































































with officials at O.M.E.
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Secchi disc depth (926)
  
—directly correlated with dissolved
solids content
—a good general indicator of water
quality
—no major changes in analytical
procedure or precision during period
of record -
—indicator of nutrient chemistry
and source areas
—indicator of biologic activity as
well as health of the nearshore
waters as affected by industrial
and municipal effluents
—values are readily comparable as
they have been standardized with
respect to water temperature and
atmospheric pressure
-indicator of nutrient chemistry
—especially important in light of
phosphorus loading controls being
undertaken within the Great Lakes
basin
—this is a conservative ion and thus
is useful in modelling studies
—a widely accepted indicator of
microbiological contamination
—indicator of the amount of organic
material present in the lake and
its general trophic status
—indicator of organic and inor—
ganic turbidity which is an impor-




determination of analytical strategy would be little more than guesswork.
The effort expended in deriving the data summaries11 provides a rather
complete assessment of the data file with respect to sampling frequency




























DATA FILE PARTITIONING AND OUTLINE OF ANALYTICAL PROCEDURE
4.1. INTRODUCTION
The Nearshore Water Quality data file, as detailed above,
has undergone numerous changes with respect to sampling station loca—
tions,
cruise patterns and frequency,
sampling and storage procedures,
as
well as analytical procedures.
Analysis of the data file,
therefore,
becomes complex due to the spatial,
temporal and analytical inconsis—
tencies.
Thus,










teristics to be discussed below.



















































































































































































which, on average, the 'within' variation for each region is expected
to be less than the 'between' region variation.
Hence, spatial trends
along the nearshore zone are identifiable with statistical confidence.
The geographic regions were selected pragmatically, reflecting the
presence or absence of significant tributary inputs and concomitant
urban, agricultural and natural loadings.1 As noted above, sample
station configuration tends to reflect these considerations.
Intuitively, and as subsequent analysis of variance
confirms, data within any one region do not necessarily represent a
single statistical population.
This does not invalidate the use of
regional boundaries chosen a priori, since even
datafrom a single
station for a short period of time are unlikely to be representative of
a single statistical population, or in other words,








result in considerable variability,
which although perhaps useful
in
describing water quality for a short period of time
(if the data were
assumed
to be synoptic) would preclude a statistical comparison of



















































































































The resultant regions (Figures 4.1 and 4.2) were compared
with nearshore sediment maps, shoreline bluff composition data, long-
shore current directions and general lake circulation patterns, where
these were available, to ensure that the regions bore a consistent
relationship to these natural nearshore and shoreline factors.
Consider-
ing the dynamic and transitory nature of nearshore water masses, the
geographic regions, cannot reflect the boundaries between, for example,
impaired and unimpaired watermasses for short peﬁodsof time. It will
be demonstrated that the use of generally large aggregations of sample
data for lengthy time periods do reflect spatial patterns.
4.2.3 Time Frames
The data file divides naturally into three distinct time
frames reflecting development of the sampling and analytical program.
The three time frames combine the years 1967-1969, 1970—1971 and 1972-
1973. Partitioning on this basis is an attempt to create data aggrega—
tions large enough to smooth analytical and sampling biases and recording
errors while at the same time providing some consistency with respect to
sampling and analytical procedures.
The first three years of the sampling program (1967—1969)
must be set aside from following years as these were years of program
development.
For example, during 1967, with the London, Toronto Main
and Field Laboratories









revealed serious accuracy prolems in the manual procedures which were
still being used at the other two laboratories.
By 1968, all of the
laboratories were using automated techniques for parameters for which
automated procedures had been develOped.
The conclusion that the 1967
data based on manual methods was generally insensitive, imprecise and
inaccurate relative to the automated techniques for all nitrogen and
phosphorus parameters
(King, 1975)
seriously detracts from these early
data.
It was impossible to differentiate between the low—quality










 This procedure introduced a severe bias due to sample decomposition
during storage, a problem rectified by freezing the sample in subsequent
years. In 1969, the Thunder Bay Laboratory began operation with essen—
tially the same procedures as the other laboratories. During the three
year period all chlorophyll analyses had been conducted in Toronto. The
use of new equipment improved analyses for chlorophyll, but no major
changes in precision or sensitivity occurred (King, 1975).
The 1970 sampling season, according to King (1975),
marked the beginning of a period during which most laboratories were
stabilized in terms of their routine operating procedures and equipment.
Most changes as of this season represent improvements in precision based
on the introduction of updated equipment as, for example, the Hach
Turbidity Meters3 in 1971 and temperature controlled conductivity meters“
in 1972.
A change in sampling procedure, introduced at the begin—
ning of the 1972 sampling season, makes the differentiation of the
1970—71 and 1972-73 time frames necessary.
Prior to the 1972 sampling
season, each station had been occupied once per cruise but, with the
onset of the 1972 season, this procedure was altered such that each
station was occupied three consecutive times during each of the four to




procedure, followed since 1972, was intended to provide greater statisti-
cal strength per station but may reduce
the number of cruises feasible



















conductivity had been read at ambient
laboratory temperature



















































































































































































































































































































































































































































































































































































































































can probably be destroyed
by strong winds, perhaps
it is homothermal during





























lakes; (Schelske and Roth
(1973) indicated that the
lake was still in "limno—
logical spring" on July 9-
12, 1970); thermal bar is
probably far enough off»
shore by mid—July to have


























































































































 4.2.5 Sample Depth
As outlined above, samples have generally been taken at
1.5 metres and other predetermined depths below the water surface,
depending upon the water body.
The possibility of changes in water
quality down the water column makes it desirable to differentiate
samples with respect to sample depth.
Surface samples are considered
to be all samples from a depth of less than or equal to 2 m.
This
allows for some variability about the established 1.5 m sample depth,
which was
notrigidly adhered to during the first three years of the
monitoring program.
Subsurface sample depths are highly
variable due
to obvious bathymetric differences among stations, within and between
water bodies.
A pragmatic decision was made to consider as subsurface,
all samples having a depth greater than 2 m.
It is recognized that this
broad classification of sample depths may result in the aggregation of
samples
from more than one water mass,
each with unique water quality
characteristics.
For example, during summer lake stratification, sub—

































































































































































presentation (Figure 4.5) of the matrix form is used throughout this
report for the purpose of data presentation and discussion. Each cell
or matrix location may or may not contain data because of the spatial
and temporal variation within
the data file.
All data for the eight
parameters selected, which corresponds to the seasonal boundaries
established for each water body, are considered in the analyses.
4.3.










eight parameters were produced for each region, partitioned by time-
frame, season and depth, within each water body.
The Descriptive
Statistics were produced as a 4 x 2 cell matrix within each of the
six cells of the 2 x 3 time frame matrix, as illustrated below.
2 x 3 Time Frame Matrix














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
  
positively skewed5 histograms as exemplified by total coliform (080).
 
In both cases, the low parameter values which would be expected in a
normal distribution are nonexistent.
A third factor which could affect
the distribution of the data is the basis upon which the data file has
been partitioned.


















































































































































































































































































































































































































































































































































































































































































































above and invoking the central limit theorem, the use of parametric
statistics in the analysis of these data can be justified.















































































and are the basis for subsequent spatial and temporal analysis.
The reduction of the Descriptive Statistics of raw data
was accomplished by the use of an analysis of variance model which
employed an F-ratio for significance tests. In fact, two were used; a
two—way model when sufficient cells contained data to test for main
effects of seasons and depth, and a one—way analysis of variance model
when it was only possible to test for the difference between the cell
means.
Analysis of variance was used rather than tests of means (e.g.
t * tests) because of the large number of tests which would have to
be performed. Associated with a large number of t — tests is the
likelihood of an unacceptably large number of Type—I errors (i.e.
rejecting the null hypothesis, which is that the means are equal, when
in fact the null hypothesis is true).
Analysis of variance tests for a difference between the
cell means of Appendix 4.1 for each time frame.
A one—way model was
employed in cases where data were present in fewer than 4 cells while
in all other cases a two-way model was used.
Both models were unba—


















































appropriate degrees of freedom. The greater the ratio of between and
within groups variance, the more likely that the cell means were sig—
nificantly different.
Thus, two outcomes were possible; either grand
statistics (means not significantly different) or cell statistics (cell
means significantly different).
The unbalanced two—way model is mathematically more
complex than the one—way model.
The two—way model treats the data
described by each 2 x 3 time frame matrix (Appendix 4.1) as a whole and
seeks answers to three questions, for which three null hypotheses must
be established:
H - there is no interaction between
rc
rows (r) and columns (c)
Hr - the means of rows (surface and
subsurface) do not differ
H - the means of columns (seasons) do
not differ
An interaction effect is the variation which cannot be
attributed to either of the main effects (depths and seasons) nor
treated as error variance.
This variance is due to a differential
effect between the main effects which results, for example, in a
differing relationship between surface and subsurface samples during
different seasons within a particular time frame.
The nature of the
interaction is of concern in the interpretation of the data.
The form
of the two—way linear model is:
= +0: + + +
Yijk “ i 8j Yij eijk
i=l,2
j=l,2,3
k = l, 2, 3, ..., n,.
13
A A






Y.. is the interaction effect, and e,, is
13 13k
an unspecified error term.
The procedure used in determining mi,
8. and Yij
is that of Scheffe
(1959).
The solution for the main effects remains relatively simple
66
in the case of unequal cell Sizes, but the test for interaction is
more difficult to compute, requiring the solution of i-l linear
equations with i—l unknowns. The Fwstatistic is:
n — p LW — Lw
~'-'+1 L
p 1 J m
 
and has under HrC the F—distribution with p—i-j+l and n—p degrees of
freedom where:
p ==number of non—empty cells
n =:total number of observations
i and j are as defined above.
The calculation of Lw and La are given by Scheffé (1959) using the
estimated values of the main effects.
In the procedure adopted here, once a significant inter-














































cant was seasons after interaction was
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range of values for each parameter was based on the minimum and
maximum mean values appearing as Significant Statistics (Appendix 4.2)
for that parameter in a single water body.
The range of values was
divided into 10 equal divisions and the geographic regions and the
nearshore regions having mean values within these subranges are identi-
fied by their region mumber.
4.5.2 Temporal Trends
It is possible to determine apparent temporal changes
in water quality for a specified season and depth within each geographic
region by comparing statistics for the three time frames.
A weighted
linear regression model using the Significant Statistics derived from
the results of analysis of variance
(rather than raw data) was used to
calculate the slope of the regression line and the standard error of
















where X(I) = the assigned values for the
independent variables which are 1.5,
4 and 6, the midpoints of the number
of years in each timeframe
Y(I) = the cell means for each timeframe
W(I) = nI/GIZ (weighting factor)




weighted mean Y — value
The standard error of the estimate, which is inter-
preted essentially the same way as the standard deviation about a

















This equation is different from most textbook equations for determining
the standard error because the variance has been incorporated into the
2
Y I and O
I.” I
in the calculations are the Significant Statistics given in Appendix
equation as a weighting factor. The values used for n
4.4. The weighting factor is employed to represent the number of
samples and the scatter about the mean within each time frame. Thus,
not just the three mean values for a given season and depth determine
the slope of the regression between the three time frames, but essen-
tially all the sample values which comprise the Significant Statistic
are considered.
I The significance of the calculated slope, that is,
whether or not the slope is significantly different from zero, can be
very easily determined from the standard error. For eXample, if the
estimated slope (B) is 1.8 and the standard error of B is 0.4, then
for a very large sample size (i.e. >200) the 95 percent confidence
interval would be:
1.8 — l.96(0.4) < B < 1.8 + l.96(0.4)
If zero is included in this range, then it is concluded that the slope
is not significantly different from zero. Since the sample size for
determining the slope in these data is variable, a more conservative
test is used. The test has the same form as used in the large sample
size above but the value of 1.96 is replaced by 2.0 where the value 2.0
is obtained from the table of "t" distribution with degrees of freedom
equal to 60 (Nie g£_al. 1975).
Any time frames with no sample variance for a particular
depth and season could not be used in the calculation of the slope be—
cause the weighting factor is undefined in such cases. The slope can
only be calculated if data for at least two time frames meet this
criterion.
The remaining three rows of the matrix summarize the
sampling continuity during the period of record. The union of stations



















































































































































































































Figure 4.5 Outline of Data File Summaries, Selections, Partitionings
and Analysis
 
Ontario Ministry of the Enviroment
Nearshore Water Quality Master File
1967- 1973




Selection of 8 water bodies defined as
Selection of ‘lake stations' characteristic
  
Canadian Nearshore Zone of the Great Lakes
  
Deletion of interconnecting
channels and enclosed embayments
Deletion of additional station types
 
of nearshore open water conditions
 
and ‘lake stations’not characteristic -
 
Parameter Sampling V
Summaries by water body— identification




Frequencies for each water body
  
Detailed parameter summaries for
infrequently occurring parameters
   
geographic regions for each water body
DifferentiatiOn of sUrface (S 2m)






   
Selection of parameters for each
water body with sufficient data
for statistical analysis
    




summary by nearshore region






Selection of parameters for each
water body with sufficient data for
statistical analysis using established
selection criteria
    
  
     

















































































    
  
Figure 4.5 (cont'd.) 73
  
Final selection of 8 parameters for
analysis (conductivity, T.N.,T.P.,02
saturation, chloride . ttl. coliform,
chlorophyll a, secchi depth)
  
    
Determination of Timeframes,
(consistent among water bodies) and




Timeframe 1 : Timeframe 2: Timeframe 3:













season and depth) season and depth) season and depth)
     
| l
Season and depth partitioning of data for each
timeframe within each nearshore geographic region
Spring Summer Fall
surface (52m) cell#1 cell#2 cell #3
     
subsurface(>2m) cell#4 cell#5 I cell#6
   
Descriptive Statistics—
determined for each cell by timeframe
and geographic region (Appendix 4.1)
  
Significant Statistics-
analysis of variance to identify presence
or absence of significant differences
among cells — cells combined according


























































































 5. THE BAY OF QUINTE
5.1. INTRODUCTION
The Bay of Quinte is a narrow Z—shaped body of water
connected with Lake Ontario at its northeastern extremity, and terminat—
ing at the St. Lawrence River at a boundary chosen just west of the city
of Kingston. The basin is approximately 112 km long with about 345 km
of shoreline, including Amherst Island. It can be subdivided into three
basic regions which are: (i) a 48 km section running from Trenton to
Deseronto, which includes Big Bay and Telegraph Narrows; (ii) a 15 km
long region from Mohawk Bay to Thomson Point (4 km northwest of Glenora),
and including Long Reach and Hay Bay; and (iii) the largest portion of
the basin, Picton Bay, Adolphus Reach and North Channel, which extend for
55 km from Glenora to a line joining Cataraqui Bay (west of Kingston),
and Four Mile Point on Simcoe Island (Figure 5.1).
5.2. PHYSICAL FEATURES
5.2.1 The Drainage Basin
Tributary drainage to the Bay of Quinte encompasses 18,200
km2 (Johnson and Owen, 1971), primarily to the north and northwest of the
Bay. Approximately half of the watershed is on the St. Lawrence
Lowlands, while the remainder is on the Laurentian Highland Region of the
Canadian Shield.
Glacial deposits are common in the St. Lawrence
Lowlands, consisting largely of clay, sand, limestone and till plains
and till moraines overlying the Middle Ordovician limestone and shale;
whereas, bare rock ridges with varying amounts of shallow till overburden
are typical of the Laurentian Highlands. The four major rivers within
the drainage basin are the Trent, Moira, Salmon and Napanee, which empty
into the Bay along its north shore at Trenton, Belleville, Big Bay and
Napanee, respectively.
Almost 95% of the watershed is drained by these
four tributaries.
5.2.2 Shoreline Characteristics
As stated above, the Bay of Quinte has approximately 345
km of shoreline.
The north shore meets the water at a low angle with the
east shore of Long Reach being slightly steeper.


















































































































































































































































































































































































































































































































































































































































































































































































































































observations revealed that the Big Bay and lower Long Reach areas were
homothermal by August, while Adolphus Reach showed complex stratifica—
tion throughout the summer. Rapid warming of surface waters occurred
mainly during June, while rapid cooling began in mid—September and con—
tinued into early October. Intake temperature records for the water
filtration plants at Belleville and Picton for 1967 through 1973
(Figures 5.2 and 5.3 reSpectively) reveal conditions similar to those
observed by Christie. The Belleville records show a tendency for Spring
warming slightly earlier (May as opposed to June), while the cooling
trend is initiated about the middle of September. The Picton records
are more complex, with the effect of wind disturbance upon a stratified
water body being apparent during June and July, but with a decreasing
temperature range toward the end of July. The smoothing of the tempera—
ture curve by mid—August is in agreement with the homothermal conditions
observed at Glenora in August by Christie (1973).
5.3. PREVIOUS LIMNOLOGIC AND WATER QUALITY INVESTIGATIONS
5.3.1 Basin Observations
As early as the late 1940's and mid 1950's it was apparent
from the change in fish populations in the Bay of Quinte that the trophic
status was being altered toward the eutrophic state.
However, major
research into the causes and consequences of this change was not
initiated until the 1960's when it was determined that blooms of blue—
green algae began one month earlier in 1963 and 1964 than in 1945
(Johnson and Owen, 1971). McCombie (1967) observed some physical and
chemical water quality conditions in the Bay of Quinte during the years
1963 and 1964.
Observations were made at four stations located respec-
tively in the Trent River (0), the mouth of the Moira River (1), in Hay
Bay near its confluence with Long Reach (2) and within Adolphus Reach
just west of Upper Gap (3).
His results showed that surface
conductivity
increased toward Lake Ontario with the range of surface values from
stations 0 and 3 being 166-197 umhos/cm and 257—318 umhos/cm, respec—
tively.
The subsurface1 values were similar to surface values for
 
1Exact depths of subsurface samples were not indicated except that "bottom
and one or more intermediate levels,
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Significant, regional mean conductivity values for the water
 
body range from 223 to 333 umhos/cm. The range of values for regions
one, two and three respectively are 213—341, 213—309 and 223—521 umhos/cm.
It is possible that the maximum value for region 3 (521 umhos/cm)
recorded during time frame 1 is in error as it is considerably greater
than maximum conductivity readings recorded in either region 3 during
other time frames, or at any time in the adjacent Lake Ontario region.
2
Although the sample range is wide, the maximum co—efficient of variation
‘
for the Significant Statistics is only 10.1%, indicating that a majority
of sample values are concentrated about their respectiVe means.
With the exception of the summer and fall, 1972—73
(surface and subsurface) of region 3, the regional mean values are all
less than the I.J.C. objective, for the lower lakes3, of 308 umhos/cm
(Table 5.3).
The trend of increasing conductivity through regions 1
to 3, previously reported by McCombie (1967) is verified here.
The
increase in conductivity in region 3 (relative to the rest of the Bay of
 
3Conductivity (also referred to as specific conductance) can be correlated
with the total dissolved solids content of lake water by O.65(i0.01)
times the conductivity (OME, 1975c).
The I.J.C. objective for total
dissolved solids in the Lower Lakes is that they should not exceed 200
mg/l, or in other words, the conductivity should be less than 308 umhos/
cm (I.J.C., 1975b).
Where possible in this study, water quality
objectives recommended by the I.J.C. will be used for evaluating the
water quality fo various regions.
Since the objectives established
by the I.J.C. apply specifically to the Lower Lakes (open water) they may












shore zones, may exceed the open lake water quality of the Lower Lakes.
Nevertheless,
















































































































































































































































































































































             
*Criteria: C0nduct1v1ty
- < 308 / g 308 umhos/cm
Key: 5 surface data
Tota1 Nitrogen - .300
/ ; .300 mg/1
ss subsurface data
Oxygen Saturation - as / 85 - 115 / > 115 x ____ no data
Total Phosphorus - .008 / .009 - .017 / I; ..018 mg/1
Chloride - 28 / > 28 mg/1
Total Coh‘form - 1000 / > 1000 organisms/100 m1
Ch1orophy11 1 4.30
0/4.299-8.799/ :_ 8.800 0910/
]











































Quinte) is probably due to the mixing of Bay of Quinte and Lake Ontario
(higher conductivity) water masses. The shallowness of the bay will
mean that during the warming seasons (spring and summer) the bay water
will be warmer and less dense than Lake Ontario and, therefore, will
tend to remain at the surface. This stratification can generally be
seen in the mean spring and summer conductivity values (Appendix 4.1)
where subsurface values (Lake Ontario waters) exceed, to varying
degrees, surface values (Bay of Quinte water).
A reverse trend for
the fall cannot be determined from these data due to the lack of fall
data for region 3 and an observed increase in fall conductivity,
relative to summer, for regions 1 and 2.
Significant mean values for
region 3 vary from 243 to 333 nmhos/cm, a function largely of the mixing
of the two bodies of water with distinctly different specific conductances.
The plots of data for individual stations (Appendix 5.1)
also indicate a trend of increased specific
conductance toward region 3
and Lake Ontario.
From these diagrams,
it is apparent that the main
increase in conductivity usually occurs betWeen stations 13 and 14 with
continued increases from stations 16 through 223.
The rise at station
14 within
PictonBay is probably due to a local increase in dissolved
solids within the enclosed western end of the bay, possibly as a result
of tributary drainage and urban effluents.
If this is the case,
decreased conductivity values would be expected farther from the source,
a fact generally in evidence in the plots at station 15 located within
the central part of Picton Bay.
Between stations 16 and 223, mixing







The total dissolved loads and resultant
conductivities
of the five major tributaries







































































Table 5.4 Bay of Quinta — Summary of Water Quality Trends 91
for the Period of Record (as determined in Appendix 4.4)
         
REGION CONDUCTIVITY (014) TOTAL NITROGEN (023)
Spr Sum Fall Sum'y Spr Sum Fall Sum'y
1 s —3.8 0 ... ... -.03 O ... ...
as ... ... ... ... ... ...
2 s ~4.2 O ... ... .034 —.05 ... ...
as -4.2 0 ... ... .034 -.OS ... ...
3 a -13. 1.86 ... ... 0 0 ... 0
as —2.5 8.18 ... ... .049 —.03 ... ...
REGION OXYGEN SATURATION (030) TOTAL PHOSPHORUS (O33)
Spr Sum Fall Sum'y Spr Sum {Fall Sum'y
1 s 5.95 i 1.57 ... + -7~3 O ... ...
as ... ... ... ... ... ...
2 s O O ... 0 O 0 ... 0
as ‘ O O ... 0 O O ... 0
3 s 8.67 1.78 ... + —3-3 —3—3 ... —
88 5 3.87 J 3.19 ... + -3—3 —3-3 ... —
i




   
 
 
REGION CHLORIDE (057) TOT“ COLIFORM (080)
Y
Spr Sum Fall Sum'y Spr Sum Pall Sum’y
1 s —.35 0 ... ... O O ... 0
88 ... ... ... ... ... ...
2 a O O ... O C 0 ... O
as O 0 ... O —156 0 ... ...
3 s —1.9 0.73 ... ... O O ... 0
as —4.2 1.77 V ... ... O 0 ... 0
REGION CHLOROPHYLL g (401) SECCHI DISC DEPTH (926)
Spr Sum Fall Sum'y Spr Sum Fall Sum'y
1 -.06 1.33 ... ... —.06 -.07 . ... —
2 O O ... 0 -.07 -.03 ... —
5 0 0 ... O -.11 -.O6 ... —
 
 
     
Note: the summary column indicates the most commonly occurring
trend (1.e. positive, negative, zero or indeterminate)
Key: ... trend could not be determined
no data





significant increase in conductivity has only occurred during the summer
of region 3. Regions 1 and 2 during the summer indicate no significant
change while spring samples for the three regions reveal average
decreases of about 4 umhos/cm/yr from 1967 to 1973.
Lake Ontario has
experienced increased conductivity for all three seasons which partially
accounts for the lower rate of decrease at depth in the spring and the
faster rate of increase at depth during the summer (Table 5.4) in
region 3.
Accumulation of ions within the thermocline, which acts as
a diffusion floor (Csanady, 1966), may also account for the apparently
exaggerated rate of increase observed at depth during the summer in
region 3.
5.4.3 Total Nitrogen (023)
Johnson and Owen (1971) indicated that the Bay of Quinte

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































most common in the surface during the spring and summer; subsaturation
occurs only at depth during the spring and summer and all regions are
near saturation at all depths during the fall.
The plots of surface data for individual stations (App—
endix 5.1) illustrate the wide range of values which occur at individual
stations during the summer season. Spring and particularly fall data
tend to be less scattered (about the station mean). Tributary drain-
age results in local maxima in nearly all of the plots although these
maxima are not one standard deviation greater than adjacent stations.
Subsurface data adhere to the characteristic seasonal trend noted
above. As summarized in Table 5.4. the Bay of Quinte indicates in—
creased oxygen saturation over the period of record for regions 1 and
3, while changes in region 2 are not significant. The rate of increase
during the spring is several times greater than that of the summer.
These conditions would appear to be indicative of increased biologic
production of oxygen throughout the water body, since the general trend
is for increased oxygen concentrations in excess of 100% saturation.
 97
5.4.5 Total Phosphorus (033)
The most apparent characteristic of the mean total
phOSphorus values for the Bay of Quinte is that all regions, at all
times and depths, exceed the level, suggested by Dobson (1974b),
indicative of a highly trophic water body (.018 mg P/l)6. This is
clearly indicated in Table 5.3. The significant regional mean values
for total phosphorus range from .027 mg P/l in region 3 (time frame
2) to .111 mg P/l in region 2 (time frame 2, summer). Sample values
range from .007 to .400 mg P/l for region 3 (time frame 1, spring,
surface), respectively. From these figures and Appendices 4.2 and
4.3, it is apparent that the concentration of total dissolved
phosphorus within the Bay of Quinte decreases toward Lake Ontario.
6The I.J.C. objective for phosphorus is that "concentrations should
be limited to the extent necessary to prevent nuisance growths of
algae, weeds, and slimes that are or may become injurious to any
beneficial water use" (IJC, 1975b).
Since this objective lacks
a general quantitative criterion, it was considered reasonable to
make use of a water quality scale suggested by Dobson (1974b).
For total phosphorus, the ranges used for assessing trophic status are:
Trophic Assessment Low Medium High
(water quality) (good) (fair) (poor)




The water quality terms, 'good', 'fair' and 'poor' are aesthetically














































































































































































































































































































































































































































maximum in time frame 2, as is the case with total nitrogen.
5.4.6 Chloride (057)
Chloride sample values range from 2 mg 01/1 in region
2 (time frame 1, spring)
to 28 mg Cl/l in region 3 (time frame 3,
summer and fall).
The significant means
derived for the Bay of Quinte
indicate increasing chloride concentrations toward Lake Ontario with
a minimum of 4.15 mg Cl/l in region 1 (time frame 3, Spring) and a max—
imum of 25.6 mg Cl/l in region 3 (time frame 3, summer, subsurface).


































































































































































































































 The concentration of chloride is much less in the spring — a result of
the volume of tributary runoff such that the Bay of Quinte water
predominates at the surface in region 3. For stations 17 to 223,
subsurface concentrations of chloride during the Spring exceed surface
concentrations, indicating the presence of Lake Ontario water at depth.
Yearly mean concentrations for the tributaries increase from 6.9 to
36.6 mg 01/1 from west to east. Thus, local maxima near the river
mouths, particularly the Napanee River, are to be expected. Tributaries
account for a proportion of the increased chloride concentration through
the system; however, the low discharge of the tributaries with
highest chloride concentrations (Table 5.2) can not foreseeably be the
sole factor reSponsible for the rising concentrations.
Temporal trends in chloride concentrations (Table 5.4)
indicate a decrease over the period of record for regions 1 and 3
during the spring, and an increase in region 3 during the summer
(correSponding to trends throughout Lake Ontario). Significant changes
are not observed in other regions and seasons.
5.4.7 Total Coliforms (080)
 
Total coliform counts are used to indicate the presence
of bacterial contamination and, thus, the possible presence of
pathogenic bacteria. Municipal sewage is the most likely source of
serious coliform contamination of the nearshore zone of the Great
Lakes. Consequently, coliform counts in the Bay of Quinte are expected
to be highest in regions 1 and 2. Individual coliform counts are
variable within the water body, ranging from zero in all regions to a
maximum of 9000 organisms/100 ml in region 1. This variability
yields coefficients of variation as high as 466%, while values exceeding
100% are not uncommon. For this reason, station plots based upon only
a few samples per station were not produced. High coliform counts
may be identified as "too numerous to count" and the spatial and temporal
distribution of these is given in Table 5.5. Samples with coliforms
"too numerous to count" arerelevant to the interpretation of the results
as the frequency of their occurrence affects the ability of the mean
to represent actual conditions.
,4'—#‘
101
Table 5.5 Frequency of Occurrence of Samples with Total Coliforms
"Too Numerous to Count"
 
Geographic Region Time Frame Season Number of Observations
1 1972—1973 Spring 1
1 1972-1973 Summer 14
2 1972—1973 Summer 9
3 1972—1973 Summer 6
   
Regions 1 and 2 exceed the objective8 primarily during
time frame 3; otherwise, the significant means are less than the
objective. In the case of region 2, summer, 1970-71, there are
8The I.J.C. objective is that "the geometric mean of not less than five
samples taken over not more than a thirty—day period should not exceed
1000/100 ml total coliforms".
The underlying assumption in using a
geometric mean for describing bacterial populations is that microorganisms
exhibit exponential growth.
However, as discussed in Appendix 3.3,
intestinal organisms, which include coliforms, survive in water for a
period but do not multiply.
Therefore, variability of total coliform
densities within the nearshore zone will largely reflect nearness to a
source and an arithmetic mean coliform density for the regions is a
valid expression of microbiological contamination for a region, given
the assumptions of data aggregation discussed above.
The data aggreg—
ation does not allow strict adherence to the I.J.C. objective (over not
more than a thirty day period) and comparison of resultant
geometric
means to
the objective would be misleading.
Finally, use of the arithmetic
means provides computational continuity within the analysis, which in a study
of this proportion, is essential.
The I.J.C. objective is established to identify health hazards
based on data from individual stations.
The prime concern in this study is
to summarize the effect of source areas
(most commonly urban areas)
and
therefore a regional mean (arithmetic)
coliform density greater than 1000
organisms/100 ml, which includes both proximal and distal stations,
is
considered to be indicative of nearshore regions highly influenced by bacterial
sources.
Regional total coliform densities in excess of 1000 organisms/



























































































































































































































































































































































































The regional statistics are within the highly trophic class (Table 5.3),
indicating aesthetically poor water quality.
Only region 3 during
time frames 1 and 2, corresponds with the mesotrophic class. The plots
for chlorophyll 3 (Appendix 5.1), indicate considerable uniformity
throughout the water body at about 10 ug/l.
Fluctuations are most
apparent at the east and west extremities and near Napanee.
During the
summer, biomass increases in regions 1 and 2 and the standard deviations
are considerably greater. Maxima are most apparent west of Trenton, at
the mouth of the Napanee River and in Picton Bay. The fall trend for
time frame 3 is similar to that of the summer but with decreased
deviation about the means, suggesting that considerable plant material
is still present within the water body, but, that the major production
period is past.
The low fall values (relative to the summer),
observed at stations 1, 2 and 3 are probably the consequence of the
movement of organic matter through the water body at the close of the
main production season.
Stations 16 through 223 maintain chlor0phy11 3
levels of about 10 ug/l during all three seasons.
Temporal changes, as summarized in Table 5. 4, reveal for
region 1, a slight decrease in chlorophyll a during the spring, but an
annual increase during the summer of 1.33 ug/l.
The Significant










5.4.9 Secchi Disc Depth











Greatest clarity in region 3 occurs during the fall.
Mean values for
regions 1 and 2 range from 0.4 to 1.66 m.
Seasonal differences are
persistent in regions 1 and 2 with lowest Secchi depths occurring during
the summer.
Correspondence with maximum chlorophyll g_va1ues during
the summer indicates that suspended organics are likely responsible for





classification scheme for Secchi depths10 indicates poor quality water
for all of the Bay of Quinte except for region 3 during the third time
frame.
The station plots (Appendix 5.1) indicate uniformly low
Secchi depths generally up to station 15, after which water clarity
tends to increase until levels comparable to those observed at the
eastern end of Lake Ontario are attained. Neither the tributaries
nor broad shallow areas such as Big Bay, which could provide sources
for suspended inorganics, appear to have an effect upon Secchi depths.
Trends for the period of record (Table 5.4) indicate
significant decreases in Secchi disc values during the spring and summer
(lower Secchi depths indicate increased turbidity).
The annual
decrease is generally less than 0.1 m.
Increased organics are undoubtedly
responsible for the summer trend;
however,
chlorophyll 3 levels during
the spring indicate less plant material present.
The spring trend may
be related, therefore,







5.5. SUMMARY AND CONCLUSIONS
It is apparent from these data that the quality of the
water within regions 1 and 2 is generally poor.
This is most evident
for the total phosphorus,
chlorophyll a
and Secchi depth parameters.






























































































Coliform levels often exceed 1000 organisms/100 ml
in regions 1 and 2 but tend to be much lower in region 3.
Oxygen
deficiencies are not a problem in the surface waters, but the wide
range of oxygen saturation values is indicative of high rates of oxygen
production and consumption at various times.
Although not evidenced
by
these data, Jackson (1976) observed oxygen deficiences (as low as
2 mg/l) during the late summer of 1975 within the bottom waters of
Adolphus Reach (region 3).
With this one exception, water quality
improves within region 3 with respect to these parameters, a consequence
both of the mixing of Bay of Quinte and Lake Ontario water and of
sedimentation within the Long Reach portion of region 2.
Estimation
 
of the relative importance of these two processes is impossible because
of the lack of sampling stations within this part of region 2. In
contrast to the trend observed for the above parameters, conductivity
and chloride values increase toward Lake Ontario.
This response is,
in part, due to the addition of dissolved solids through the Bay of
Quinte system;
but, is believed to be primarily the result of mixing
of the two water masses.
Again, a definitive statement would require
additional monitoring within region 2.
Temporal trends within the bay do not indicate persistent
changes either because the trends varied with the season or region or
because the trend was
not statistically significant.
The one exception
is significant increases in turbidity in all regions for both the spring
and summer.
This study indicates that the water quality within the
bay is poor;
thus, there is a definite need for continued monitoring
to determine the effects of remedial measures completed or in progress
I
within the basin.
Further monitoring should consider some of the
1






































 within the Bay of Quinte as part of the interdisciplinary study
"Project Quinte".
  



















































































































































































































































































































 stone and shale.
The major tributary basins have been described
by Ongley (1974) and Chapman and Putnam (1966).
The majority of the industry and of the 3.8 million
Canadians within the drainage basin are located in the major urban
centres along the shoreline.
These include Hamilton, Oakville, Port
Credit, Metropolitan Toronto, Whitby and Oshawa.
Outside of the residen—
tial areas a wide variety of agricultural land uses can be found,
including field crops, dairying,
orchards and vineyards.
For the purposes of this study,
the Canadian nearshore
zone, which is approximately 450 km in length






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Lake Ontario Lake Levels — 1965 to 1974


















































































































































































































































































































































































































































































































































The quality of the water of streams and rivers tributary
to Lake Ontario will have an effect upon nearshore waters.
Neil E£_al.
(1967) and Owen and Johnson (1966) considered yields and sources of
nitrogen and phosphorus from several Lake Ontario watersheds in the
Toronto area.
They concluded that the yields from urban as opposed to
rural watersheds are in the order of 10 to l and 50 to l for nitrogen
and phOSphorus respectively.











streams were discharged during February, March and April.
In urban






































































































































































































































































6.4. DISCUSSION OF RESULTS
6.4.1 Introduction3














































































































































































































































































































































0/100 0/100 0/100 0/100
0/6 0/100 0/100 0/100 0/100
11/89 11/89 16/84 12/88


























































































































































1/5 40/60 53/47 15/85 39/61





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
 
 






















































as .865 .865 1.39




















































14 s .422 .472
as .422 .472 ...
15 s O 0 ...






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Frequency of Occurrence of Samples with Total
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—      
Figure 6.6
Lake Ontario — Comparison of Chlorophyll a and Secchi
137
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The above summary and discussion has revealed that the
water quality of much of the Canadian nearshore zone of Lake Ontario is,
not surprisingly,
somewhat worse than that observed for the lake as
a whole.











trophic status of the nearshore zone is
such that in the period of record summary (Table 6.2), about 50%,
in the
case of Secchi desc depth, and more than 802, in the case of total























































































































































































































































































































































































































































































































































































































































































































































average temperature higher than for the other lakes.
Since some of
the precipitation falls as snow it is stored on land until a spring
melt period, resulting in peak land drainage usually during March
(Witherspoon, 1971).
Lake Erie receives spring melt waters earlier
than any of the other lakes in the system.













(Schelske and Roth, 1973).
Of these 12,224 km
more than half
(6,654
kmz) is within the Grand River watershed (Ongley, 1974).
The Grand
River drainage basin has its source less than 32 km south of Georgian Bay
to the north;





















































































































































































































































































































































































































































































































































































































































































































































































































































































































40 m). West of Point Pelee the bluff (composed of silty sandy till)
is still lower, with a maximum height of about 7.5 metres. West of









Shoreline Erosion Rates, Bluff Composition and Longshore
TransEort
Information regarding shoreline erosion rates and bluff
composition for the Ontario shore of Lake Erie has been summarized in
Appendix 7.1.









critical along a 6 km long section of shoreline east of Wheatley,
and
along the entire length of shoreline between Turkey Point and the
western





















































































































































































































these minerals to the water column.
Comparison of the chemical
composition of the bluffs and lake sediment show depletion of carbonate
C, Ca and Na in the latter, thus, supporting the conclusion that certain
minerals are being dissolved after being placed in suspension by wave
action (Kemp and Dell, in press).
7.2.3 Surficial Sediments
The nearshore
(from the shoreline to the 20 m depth
contour)
surficial sediments of Lake Erie have been described by
Coakley (1972), Rukavina and St. Jaques (1971) and St. Jaques and Rukavina
(1973).










































































































































































































































































and / or mu
d zones.
Sand an





























































































































































































































































































































































































































































































































































































































































































































































Eastern Basin water is partially depleted and the epilimnion water is
saturated(IJC, 1969a). Coliform distributions in the surface and bottom
water during 1963 and 1964 indicate that the most critical area is the
Western Basin while relatively high concentrations occur in nearshore
waters proximal to municipal outfalls. Annual chlorophyll a values
within the Western Basin are as high as 11 ug/l but reach a maximum of
35 ug/l during September as compared to the Eastern and Central Basins
which generally range from 3 to 6 ug/l (Glooschenko, 1973, 1974a, b).
Transparency of the water as expressed by Secchi disc depths or turbidity
readings show considerable variation in time and space, with maximum
turbidity occurring during March and April, and October and November
in response to spring melt events and bluff erosion during periods of
maximum wave energy. The exception is the Western Basin where maximum
values occur during August and September when maximum phytoplankton
biomass is attained (Dobson g£_gl., 1974; IJC, 1969a).
In summation, the Western Basin maintains an eutrophic
status throughout the year while the Central and Eastern Basins are
mesotrophic bordering on eutrophic (Dobson, 1974b; Dobson et al., 1974).
7.3.2 Nearshore Observations
 
The majority of studies confined to the nearshore zone
have concentrated on the Western Basin which, because of its shallow
depths and partial isolation from the Central Basin, can be considered
entirely within the nearshore zone.
The general quality of the water
of the Western Basin has already been summarized. A synoptic survey
of the basin conducted on June 23, 1963 by Hartley_egigl. (1966)
provides more detailed information but only for a very short period.
The distribution of the various parameters analyzed essentially show
the influence of the Raisin, Maumee and Detroit rivers and the movements
of these waters within the basin.
Kohli and Palmer (1972) attempted to use Ontario Ministry
of the Environment grab sample data to derive significant water quality
prediction equations using multiple regression techniques.
The area





























































Table 7.1 Summary of Water Quality for Canadian Tributaries of
Lake Erie*
Parameter (units Tributary Groups
are mg/l unless
































































Ongley's data provided mean concentrations for each tributary for the
monitoring period of record
(generally 1964 through 1972).
To avoid
the problem





































of one or more nearshore
geographic
regions.











of the summary water
quality groups
are:
I — Grand River (geographic region 4)
II
—
Low Point to Port Dover
(geographic regions








































































































































































































































































































































































































































































































09 Satur- s 0/22/0
8110: (C30) 88 0/22/0


































































































































phorue (033) 88 0/0/22






























































             
*Criteria:
Conductivity





- < .300 L .300 mg/1
ss subsurface data




009 - .017 / g .018 mg/1







4.299~8.799/ ; 8.800 ugm/1
Secchi Disc
-
5 9 - 3.0 / g 2.9 m
Note: The summaries indicate the number of re ions within each c1ass (re1ative to the seiected criteria) expressed as a

























         
REGION CONDUCTIVITY (014) TOTAL NITROGEN (023)
Spr Sum Fall Sum'y Spr Sum Fall ‘Sum'y
1 s -3.3 -3.3 -4.4 - 0 .029 .02¢ +
as —3.3 -3.3 -4.4 ~ 0 .017 .026 +
2 a -3.3 -1.7 -1.9 - .020 .020 .022 6
as -3.0 —2.1 -1.8 — .020 .020 .022 +
3 a ~1.0 —1.0 -1.0 - .025 .025 .025 +
as -1.0 -1.0 -1.0 - .025 .025 .025 +
4 s -1.4 —1.4 ~1.4 - .045 .045 .045 +
as -1.4 -1.4 -1.4 - .045 .045 .045 +
5 s -1.3 —1.3 —1.3 - .050 .050 .050 +
as -1.3 -1.3 -1.3 - .050 .050 .050 +
6 s -1.7 -1.7 -1.7 ' - .046 .046 .046 +
as 91.7 -1.7 —1.7 - .046 .046 .046 +
7 a -2.1 —2.1 —2.1 - .036 .036 .036 +
as -2.1 -2.1 —2.1 — .036 .036 .036 +
8 s -1.5 -1.5 -1.5 - .025 .030 .025 +
as -1.5 -1.5 -2.3 - .025 .030 .015 +
9 s —1.3 0 O O .042 .038 .042 +
as —1.3 ~.88 O - .042 .038 .012 +
10 s —1.6 0 0 0 .027 .027 .027 +
as —2.2 —1.8 0 - .027 .027 .026 +
11 a -1.5 —1.5 -1.5 - .035 .038 .035 +
55 -1.5 -1.5 —1.5 - .035 .038 .035 +
12 s -1.8 0 2.90 ... .021 .017 .021 +
as -1.0 -2.6 2.27 - .021 .017 .021 +
13 s -1.4 0 0 O 0 O 0 0
as -1.1 -2.0 -.84 - O 0 O 0
14 s ‘1.7 0 .617 ... 0 0 0 0
as -2.3 0 0 O 0 O 0 O
15 s 0 -.99 -2.5 - O O 0 O
as 0 -.99 -2.5 — 0 0 0 0
16 s -3.0 0 -2.3 - .013 .02 O ...
as -1.7 -2.9 —2.1 — O .02 0 0
17 s -1.9 —1.9 -1.9 - .013 .013 .013 +
as —1.9 -1.9 -1.9 ~ .013 .013 .013 +










19 s -2.0 —2.0 -1.8 - 0 O ... 0
as —2.0 -2.0 -1.8 - 0 O ... 0
20 s -3.9 -2.0 2.36 - 0 0 0 0
as -9.4 -3.7 ... - 0 O ... 0
21 s 0 0 ... O 0 0 ... 0
as 30.2 ... ... ... O ... ... ...
22 s 0 0 ... 0 -.O2 .03 ... -
as 0 0 ... 0 -.07 O ... ...
Key: ... trend could not be determined
no data




































































































































































































































































































































































































































































































































































































































REGION CHLORIDE (057) TOTAL COLIFORM (080)
Spr Sum Fall Sum'y :pr Sum Pall Sum'y
1 a -.88 —1.0 -.88 o 0 o o
as -.88 -1.0 -.88 o 0 0 0
2 s -.65 -.65 -.65 — O O O O
as -.65 —.65 -.65 - 0 0 O O
3 a —.87 -.87 —.87 - o o 0 o
as -.87 —.87 -.87 — 0 o o 0
4 s -.34 —.34 -.77 - o o o o
as —.34 -.34 -.77 - o o o o
S s —.24 —.24 0 - o o 0 o
as —.24 -.24 ... - o o o 0
6 a -.37 —.36 —.82 -124 —124 -124 —











as —.50 -.50 —.S9 - o 0 o 0
J 8 s -.51 -.53 -.38 - 2.90 o o o
1 as -.51 -.53 ... - 0 0 o 0
i 9 s -.28 -.23 ... - o o o 0
g as -.28 -.28 ... - 0 O O 0
10 s -.55 -.40 —.64 - —17 0 -17 -
, as —.60 -.49 -.64 - -17 0 -17 ~
5 11 a —.76 -.72 -.76 - 0 o 0 o
1 ss —.76 -.72 -.76 o o 0 0
I 12 s —.41 —.41 -.51 o 16.2 48.0 +
i as -.41 —.41 ... 35.2 o o o
1 13 s -.21 -.32 -.62 - o o o 0
; ¥ ss -.21 -.32 -.62 - o 0 o 0
4 14 s -.43 0 — 43 - 22.0 0 22.0 +.
j as -.42 -.29 -.43 - 22.0 o 22.0 +
! 15 s -.32 -.35 -.48 - o o o 0
V as -.32 -.35 —.48 — O O O O
E 16 s -.68 -.24 —.21 — -63. -63. -63. ~
1 as -.29 -.44 -.21 - ~63. —63. —63. —
._ 17 s -.67 -.66 —.75 - o o 0 o
\ as -.67 —.66 -.75 — 0 o 0 o
1 18 s -.48 —.48 ... — o o ... 0
1 ss —.48 —.48 ... - 0 0 ... o
i 19 s -.33 —.33 - o o o o
i as -.33 —.33 ... - o 0 o o
‘- 20 s —.43 -.82 ... — —58. —58. o -
as —.43 -.82 ... - -58. ~58. ... -
21 B 1.35 1.35 ... + 0 O ... O
as 1.35 ... ... ... 4.34 ... ... ...
22 a .481 1.67 ... + 0 o ... o
as 2.21 .803 ... + 0 O ... O











































































































Conductivity values in the nearshore of Lake Erie
increase from west to east with the exception of Maumee Bay (region 21)
in the Western Basin. Conductivity values for this region often
exceed regional mean values throughout the water body. The minimum
sample value (207 umhos/cm)2 is observed at the mouth of the Detroit
River (region 22) reflecting the lower total dissolved load of Lake
Huron water. The maximum sample value for the water body (2,533
umhos/cm) is observed in region 1. Although specific conductance
increases toward the east, a wide range of values characterizes the
Western Basin as indicated by the maximum values for regions 21 and
22 of 819 and 666 umhos/cm reSpectively.
Low dissolved load Upper Lakes'
water is dominant in region 22 and high dissolved load tributary drain—
age (Maumee River) is dominant in region 21. The smaller range of
values in the other regions of the Western Basin indicates that consider—
able mixing of the two water masses occurs in region 21 and 22. A
maximum conductivity value of 1,428 umhos/cm is recorded for region 3.
Mean values for region 3 are similar to those adjacent regions with much
lower maximum sample values indicating that this one reading is anomalous.
Regional mean values range from 254 umhos/cm in region 20
(time frame 1, fall, surface) to 415 umhos/cm in region 21 (time frame
2, spring, subsurface).
With the exception of region 21, the mean
values for the Western Basin are below the I.J.C. objective of 308
umhos/cm.
Regions 1 through 16 often exceed the objective with mean
values ranging from 295 umhos/cm (region 16) to 332 umhos/cm (region
3).
Region 17 appears to be a transition zone between the Western
Basin and the rest of Lake Erie.
The period of record summary (Table
7.2) reveals that on the average, 70% of the regions exceed the
objective.
The majority of the time frames are represented by grand
statistics.




































































































































































































































































































































































eight years before meeting the I.J.C. objective of 308 umhos/cm;
however, if the trend is in response to greater flushing the improve—
ment in water quality will only be temporary. Region 21 remains critical
with no significant changes occurring in the surface layer and an in-
crease of 30.2 umhos/cm/yr at depth between time frames 1 and 2.
The Significant Statistics for the Western Basin indicate
that seasons and depth or the interaction of seasons and depth are
generally not significant and thus grand statistics are representative
of regional conditions. On this basis, one map for each time frame
has been produced to indicate the broad spatial distribution of conduct—
ivity in the Western Basin. The patterns are similar between the two
time frames except that during time frame 1, the major part of the basin
has conductivity valuesranging from 220 to 345 umhos/cm while the range
is only from 220 to 282.5 umhos/cm for a similarly large area in time
frame 2.
The principal sources of dissolved solids in the Western
Basin appear to be tributaries, such as the Maumee and Raisin Rivers,
at the west side of the basin.
Maximum values are recorded near the
mouth of the Raisin River with the High concentrations to the south
identifying the river plume.
Conductivity values in the Detroit River
near its mouth tend to be maximum, (about 300 umhos/cm) along the
Canadian side (OME, 1975a) which accounts for the higher conductivity
values observed during both time frames along the Canadian shoreline
immediately to the east of the river mouth.
7.4.3 Total Nitrogen (023)
 
The minimum sample values for total nitrogen (range from
0.0 mg N/l in region 1 to 0.18 mg N/l in region 15) all occur during
time frame 1 and probably reflect laboratory imprecision in the early
years of the program.
This bias accounts for the high coefficients of
variation recorded for time frame 1, relative to the second and third
time frames.
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Lake Huron has the longest shoreline (5,088 km) of any
of the Great Lakes
(Schelske and Roth,
1973), largely because of the
numerous
islands and very irregular Shoreline in Georgian Bay and
North Channel.
The more regular Canadian shoreline of the Lake Huron
basin is approximately 470 km in length,
extending from Sarnia in the
south to Cockburn Island in the north.





































































































































































































































































    
Southampton
Owen Sound
NotezGe'ographic region 6(Honey Harbou



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The Lake Huron current pattern has two major components.
These are the flow—through current from Lakes Michigan and Superior
to the St. Clair River, and the mid—lake eddy. The flow—through current
essentially follows the western (U.S.) shore and only affects Canadian
nearshore waters in the very southern portionof the lake. Part of
the flow—through current enters the large counterclockwise mid—lake
eddy. Smaller eddies, driven by both of these major currents, affect
the Ontario shoreline most directly. The flow—through current drives
a counterclockwise eddy located between Point Clark and Grand Bend while
the mid-lake eddy drives an elongated clockwise eddy extending from the
' northern tip of the Bruce Peninsula (Cape Hurd) south to Point Clark
(Ayers, 1959). These currents may be considerably altered by surface
winds as computed by Murty and Rao (1970) showing a much stronger
counterclockwise mid-lake eddy under conditions of variable wind stress.
The circulation of Georgian Bay has received only minor consideration
with a counterclockwise circulation suggested (Murty and Rao, 1970).
The North Channel will be affected by the outflow from Lake Superior
but the extent of this effect does not seem to have been considered in
the literature.
8.2.5 Lake Levels
Bluff erosion along the Canadian shoreline of Lake
Huron has a direct effect upon water quality because of an increase in
suspended and possibly dissolved solids.
The rising lake levels during
the period of this study, as illustrated in Figure 8.4, should result





8.3.1 Whole Lake Observations
Beeton (1970) attributed a slight increase,
especially
since 1930,
in total dissolved solids,
sulphate and chloride in Lake
Huron to anthr0pogenic effects.
He also noted that no significant
change had occurred in the calcium and sodium plus potassium content of
the lake water.



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































85 / 85 - 115
/ > 115 z
____ no data
.008 / .009 - .017 / ;-.018 mg/1
7 / > 7 mg/1
1000 / > 1000 organisms/100 m1
4.300/4.299-8.799/ ; 8.800 ugm/1












Note: The summar1es indica
te the number of re 1on5 w1
th1n each c1ass (re1at1ve t
o the se1ected criter1a) ex
pressed as a
percent of the t0ta1 number
of regions ?w1th data) in a


























CONDUCTIVITY TTL. NITROGEN 02 SATURATION TTL. PHOSPHORUS
(014) (023) (030) (033)
Sp Sum Spr Sum Sp Sum Sp Sum
.047




CHLORIDE TTL. COLIFORM CHLOROPHYLL a SECCHI DISC
(057) (080) (401) (926)





















insufficient data are available for computation of the
fall trend and for this reason no summary trend is in-
dicated here
... trend could not be determined
no data


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































indicate the number of
re ions within
each c1ass





































     
REGION CONDUCTIVITY TTL. NITROGEN O2 SATURATION TTL. PHOSPHORUS
(014) (023) (030) (033)
1 a 0 .036 -1.1 -2-3
as O .036 -2.7 -2—3
2 s 0 o o -4-3
as 0 0 -1.5 -6-3
3 a 1.64 0 0 -5-3
as 1.64 0 0 -5-3
4 s O 0 0 -3-3
as O O O ~3-3
5 8 -2.9 O 0 -2-3
as 1.46 0 O
7 a 0 -.O3 0 -2—3
as 0 -.O3 0 -2-3
8 a 0 -.05 0 O
as O -.05 -4.3 0
9 a -.99 O -.92 0
ea -.99 O -.92 0
REGION CHLORIDE TTL. COLIFORM CHLOROPHYLL g SECCHI DISC
(057) (080) (401) (926)
1 a ... 0 0 .603
as ... O
2 a ... 0 O .836
as ... 0 r
3 a ... O O O
as ... O
4 s -.63 12.4 —.09 O
as —.63 12.4
5 a ... 107 0 .130
as ... O
7 s ... 26.9 0 O
as ... 26.9
8 a ... O O 0
as ... 0
9 a. ... 2.59 -.04 0
as ... 2.59
 
Note: only the summer data were sufficient to determine a
temporal trend
Key: ... trend could not be determined
___ no data




ations, whereas, high nutrient loadings to region 5 have
been commented
upon previously (Veal and Michalski, 1971).
Further discussion of the
characteristics of nutrient concentrations in region 5 will be undertaken
at the end of this section.
A general spatial pattern with reSpect to the concentration
of total nitrogen is not evident except to state that lowest concentrations
usually occur in regions 1 and 9.
On the aVerage, total nitrogen
concentrations within Georgian Bay are generally less than values observed
in Lake Huron.
In particular, region 1 of this water body has a con—
centration about .040 mg N/l (about 11%) lower than that of Lake Huron's
region 7.








region 1 reveals an annual increase of
.036 mg N/l, whereas regions 7 and























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Note: The summaries indleate the number of re?lons wlthin each class (relative to the selected criteria) expressed as a























308 ['5 308 umhos/
.300 / 3
.300 mg/l
85 / 85 - 115 / >
.008 / .009 - .0l
7 / > 7 mg/l
1000 / > 1000 orga
4.300/4.299-8.799/






































      
 
 
REGION CONDUCTIVITY TTL. NITROGEN O2 SATURATION TTL. PHOSPHORUS
(014) (023) (030) _ (033)
1 a O —.03 O O
as O -.03 0 0
2 s 0 -.O4 ‘ 4.39 _ 0
as 6.51 -.04 4.39 - r3—3
3 e O' O 0 -2-3
as 5.57 0 0 -2-3
4 a 0 0 2.33 -4-3
as 5.47 0 0 -4-3
6 s ... ... ... ...
as ... ... ... ...
REGION CHLORIDE TTL. COLIFORM CHLOROPHYLL g SECCHI DISC
(057) (080) (401) (926)
1 s ... 0 O O
as ... O
2 s -.56 0 0 1.08
as -.56 0
3 s -.60 O O 0.43
as ... O
4 a ... O O .274
as ... O
6 s ... ‘.. ... ...
es ... ...
 
Note: only the summer data were sufficient to determine a
temporal trend
Key: ... trend could not be determined
___ no data




conductivity. The essentially synoptic data of 1971, on the other
hand, indicate that for regions 2,3 and 4, subsurface conductivity
exceeds surface levels by 10, 11 and 19 pmhos/cm, respectively.
This horizonation is probably related to the influence of thermal
stratification of the water column which has been averaged out during
time frame 1.
The temporal trends (Table 8.7), showing large annual
increases in conductivity from 1967 to 1971, are exaggerated by the fact
that two very different amounts of data are available for the two time
frames and therefore the conditions represented are not strictly
comparable.
This limitation should be kept in mind as well in the
discussions of other parameters.













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































frequency to repreSent average conditions with any confidence. It is
concluded then, that the regional statistics representing the second time
frame are more likely indicative of synoptic water quality conditions
during the brief period of monitoring.
For this reason, the above
discussion essentially omitted_the temporal trends of Table 8.7,
except to say that they are most likely meaningless.
The spatial water quality pattern of North Channel, can
be summarized in the following manner.
Region 1 has the highest water
quality while the other regions indicate some degree of degradation for
various parameters.
Lowest water quality generally occurs in region
2, except for the concentration of total dissolved solids
(conductivity)
which is lower than the rest of the water body and related
to the high
input of land drainage.
This
land drainage does have some negative
effects,
such as dissolved oxygen saturation levels well below satur—



















































































































































































































































































































































































































































results in much lower evaporation rates, averaging 43.66 cm annually.
Over—land precipitation averages 72 cm annually, with the wettest and
driest seasons being summer and winter, respectively.
Winter precip—
itation averages 12.19 cm, about ll cm less than the average amount
received during the summer.
Storage of precipitation as snow during
the winter
results

































































































































































































































































































































































































































































































































































































































































































































































































































































Volume dilution due to rising lake levels may influence
temporal trends in nearshore water quality as discussed above. The
Lake Superior levels therefore are summarized in Figure 9.2.
9.3. PREVIOUS WATER QUALITY AND LIMNOLOGIC INVESTIGATIONS
9.3.1 Whole Lake Studies
Anderson and Rodgers (1963) conducted a cruise in
September, 1959, observing temperature conditions throughout the lake,
at the surface and at depth. This was apparently the first synoptic
cruise of the whole lake. In 1969, Beeton (1970) summarized the changes
in total dissolved solids, calcium, sodium plus potassium, sulphate and
chloride in the water of the lake, from the late 19th century to the mid—
l960's, (see Figure 1.6) with the conclusion being that the quality of
the lake water had changed negligibly during this period. However, he
did note that localized pollution was occurring in some harbours, bays
and tributaries. Another whole lake study carried out over the years
1968 and 1969 concluded that although concentrations of dissolved
materials in Lake Superior were low, total loads were increasing, with the
western end of the lake most seriously affected (Adams, 1972).
Schelske
and Roth (1973) conducted a four day survey of the southeastern section
of the lake during July 1970, observing physical, chemical and biolog-
ical conditions.
Generally, their data were characterized by uniform—
ity with respect both to station location and depth.
Two areas,
Whitefish Bay and Munising Harbour, did show some distinct differences
from the open lake, specifically, higher chloride, sulphate and turbidity.
The increased turbidity
depressedSecchi disc depth readings to about
half the open lake average.





























ammonia, total dissolved phosphorus and chlorophyll a of approximately







































































































































































































































































































































































































































































































































































































































































































































































































































































































97 i 4 (265)**
109 i 9 (90)
No data









0.31 i .05 (271)
.41 i .12 (53)
.26
.05 (24)
.32 i .02 (14)








103 t 7 (268)
81 i 15 (75)
104
6 (48)
93 i 8 (14)








.006 i .004 (254) .024 i .011 (54)
.012 i .022 (24)
.018 i .017 (14) .006 i .002 (9)
(mg/1)
.001 — .037
.0 6 — .098
.003 - .052



















3 0 i 1.0 (90)
2 5
.5 (14)





















































     
*
after Kinkead and Chatterjee, 1973
** mean 1 standard deviation (sample size)





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































yéosvemyx 1967 — 1969 1970 - 1971 1972 - 1973 P/R SEASONAL SUMMARY (x) P/R SUMMARY (%)
2....14-

























































































































Nitrogen (023) as 0/1 1/7
On Satur— 3 0/1/0 0/8/0
ation (030) 88 0/1/0 O/B/O
26221 Phoe- s 0/0/1 0/3/5
























































             
'Criteria: Conductivity - < 308 / 3 308 pmhos/cm
Key: 5 surface data
Totai Nitrogen - < .300 / g .300 mg/1
ss subsurface data
Oxygen Saturation - < 85 / 85 - 115 / > 115 1
__~ no data
Tota1 Phosphorus - .008 / .009 - .017 / 3 .018 mg/1
Chioride
- 2 / > 2 mg
/1
Tota1 Co1iform - 1000 / > 1000 organisms/100 m1
Ch10rophy11 1 - 4.300/4.299-8.799/ g 8.800 ugmli
Secchi Disc











Note: The summaries indieate the number of re ions within each c1ass (reiative to the se1ected criteria) expressed as a






      
 
  
Table 9.5 Lake Superior — Summary of Water Quality Trends





















(014) (023) (030) (033)
1 a —.38 O 0 0
as -.38 O O 0
2 s -4.4 O 3.38 -7-3
as ~4.3 0 0 ’2‘3
3 a .200 O 0 '3-3
as .489 O 0 —3-3
4 a O -.02 0 -2-3
as .307 -.02 1.53 -2-3
5 a 4.44 —.04 -.41 -3-3
as 0 -.O4 —.41 -3-3
, 6 a -3.9 .012 1.30 —3—3
as -1.7 .012 1.30 -3-3
7 a O -.04 O 0
aa 0 -.04 0 O
8 a .__ ___ ... ...
as ____ ... ... ...
9 s 1.23 .035 -1.2 O
as 1.23 .015 -1.5 0
10 s ... ... ...
ea ___ ... ... ...
REGION CHLORIDE TTL. COLIFORM CHLOROPHYLL g SECCHI DISC
(057) (080) (401) (926)
1 a V .218 0 o -.27
as .218 0
2 s O 0 O O
as O O
3 a ... ... 0 0
aa ... ...
4 a .084 O 0 .874
aa .084 0
55 .H6 1&7 .0“ .%6
as .116 15.7
6 a 0 O .086 .422
as 0 O
7 a ... ... ... .288
as ... ...
8 a ... ... ... ...
as ... ...
9 a .389 O .179 —.27
‘ as .367 0
I 10 a ... ... ... ...
as ... ...
Note: only the summer data were sufficient to determine a
temporal trend
Key: ... trend could not be determined
___ no data




















.35 mg N/l. Maximum sample values range from .303 mg N/l (region 10)
to .936 mg N/l (region 9). The 1967—69 summer data indicate a tend—
ency toward increased total nitrogen concentrations toward the northwest
while the 1973 data for regions 1 to 5 and 7 show considerable similarity
with regional means ranging from .298 mg N/l (region 4) to .321 mg N/l
(region 5).
Total nitrogen data for all regions are available during
the summer of time frame 3 and the following comparison can be made.
Regions 6, 8 and 10 have lowest concentrations (.274, .267 and .244
mg N/l respectively); regions 1 through 5 and 7 are similar (ranging
from .298 to .321 mg N/l) and region 9 has the highest total nitrogen
concentrations for the water body at .383 mg N/l. Regions 2 and 3 are
apparently not greatly influencedby tributary concentrations of total
nitrogen which, for the Michipicoten area, average 1.069 mg N/l. On
the other hand, high nitrogen concentrations within Thunder Bay are at
least partially in response to tributary drainage which has an average
concentration of about 0.9 mg N/l (Table 9.3).
Increases in total nitrogen, probably as a result of
greater loadings are noted in Table 9.5 for regions 6 and 9 alone.
Surface concentrations during the summer within Thunder Bay are increas—
ing at about 2 times the subsurface rate (.035 mg N/l/yr as opposed to
.015 mg N/l/yr). This trend is possibly a response to the lower densities
of tributary drainage and municipal effluents, relative to the density
of the ambient water of Thunder Bay, resulting in a more direct loading
' of nitrogen to the surface layer.
Minimum total phosphorus levels in all regions are near
or below the laboratory detection level for the procedure used by the
Ontario Ministry of the Environment. Maximum sample values are var—
iable, ranging from .02 to .07 mg P/l for regions 3, 4, 5, 8 and 10 and
from 0.2 to 1.56 mg P/l for regions 1, 2, 6, 7 and 9. Although the
maximum sample value (1.56 mg P/l) occurred in Whitefish Bay (region 1),
mean values for that region are only .018 and .016 mg P/l for time frames
1 and 3 respectively. Ignoring the 0.19 mg P/l value recorded for
region 7 during time frame 2 (based on a sample size of l and therefore
 235
probably not representative of the region) the highest mean values
of .035 and .033 mg P/l are recorded for regions 2 and 9, respectively.
Average total phosphorus concentrations of the tributaries to these
two regions are at least an order of magnitude greater than the regional
mean concentrations,
thereby indicating at least one of the sources of




are also of considerable influence (Kinkead and Chatterjee, 1973),
but the relative impact of these two sources can not be determined
from these statistics.
It is shown in Table 9.4 that mean total phosphorus con—
centrations within most








region 9 (in all cases except during the summer of the second time
frame), regions 5, 6 and 7 (summer of time frame 1), and region 2 (only
at the surface during the summer of time frame 1).
The mean concentr—
ation of region 10 is .009 mg P/l, just
slightlyin excess of the lower
boundary of the second trophic level.


























































































































































during the summer season. The most probably explanation of this
condition is that tributary drainage in the Wawa area (where a concen—
tration of sampling stations occurs) is oxygen deficient. These trib—
utary waters probably remain near the surface until dispersed. Similar
deficiencies are not apparent during the third time frame perhaps
indicating that conditions have improved. Mean oxygen saturation levels
within Thunder Bay, the other region indicating a certain degree of
oxygen deficiency, tend to be subsaturated (but still in excess of 85%),
throughout the monitored period at both surface and depth. This is
probably indicative of a relatively high bio—chemical oxygen
demand
within the bay resulting from municipal—industrial discharges. The
data indicate that oxygen
concentrationshave decreased within Thunder
Bay by 1.2 and l.SZ/annum for the surface and subsurface,
respectively,











increase in saturation of 1.302/annum (surface and subsurface) within
Nipigon Bay.
This is associated with an annual increase in the
content of chlorophyll a,


































3 of 104 and 98% respectively.




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The uniformity of the Canadian nearshore zone of Lake
Huron is evidenced by the range of conductivity values observed (204 —
216 umhos/cm).
This characteristic of Lake Huron is also evident
in several other parameters with the most notable exception being
Secchi disc depth.
The nutrient parameters (total nitrogen and total
phosphorus)
demonstrate considerable variability within the Upper Lakes.
With respect to total nitrogen, both the minimum and maximum regional
mean values for the Upper Lakes occur within the restricted regions of
Lake Superior (.214 — .648 mg N/l) with the non—restricted regions of
Lake Superior having a maximum value in excess of the other water bodies.
Lake Huron,
Georgian Bay and North Channel have total nitrogen con~
centrations within the range observed in region 5 of Georgian Bay
(.260 to .477 mg N/l).































































































saturated dissolved oxygen levels.
Bacteria is
























Whereas Lake Superior has, for certain parameters, indi-
cated a tendency toward poor water quality, relative to the rest of the
Upper Lakes, this is not the case with chlorophyll a,
The majority
 248
of the regions of the Upper Lakes have mean chlorophyll a concentra-
tions less than 2.0 ug/l with the main exceptions beingregion 5 of
Georgian Bay and parts of the North Channel.
Water clarity in the Upper Lakes is variable with Secchi
depths ranging from 2.0 to 13.0 m. Georgian Bay, excluding region
5 which has regional mean Secchi depths within the 2.48 to 3.84 m
range, shows theleast variation (mean Secchi depths of 8.16 to 10.8 m).
Secchi depths range from 2.0 to 9.82 m and from 2.07 to 13.0 m for
Lakes Huron and Superior respectively. Some of the factors influencing
this variability have been discussed in preceding chapters.
10.2.2 Summary of Regions Demonstrating Poor Water Quality
 
The intention of this section is to identify those
regions within each water body which exceeded at any time the I.J.C.
objectives (see Chapter 5 for a discussion of these), indicate a highly
trophic (eutrophic) status according to Dobson's (1974b) trophic
classification scheme or have arithmeticmean total coliform concentr-
ations greater than 1000 organisms/100 mlz. Total nitrogen and
chloride are not considered in this listing as both of these parameters
lack justifiable criteria (Table 10.1).
Many of the nearshore regions which have been identified
as problem areas in this study as well as in previous reports have been
benefiting frOm remedial programs initiated since the last year (1973)
of these data. Some of these remedial programs haVe been identified
above. Although it is not possible to update this nearshore data file
to determine current conditions within these problem areas, it is
possible to compare these regions with problem areas (exclusive of
mixing zones) identified for 1976 by the Remedial Programs Subcommittee
of the Great Lakes Water Quality Board (IJC, 1977). The problem areas
 
2The criteria used herefor total coliforms is not comparable to the
objective established by the I.J.C. because of the different methods
of calculation. Regions exceeding this criteria are not necessarily
health hazards but rather indicate regions receiving considerable
bacterial inputs either from direct municipal/industrial effluents


































excessive conductivity, total phosphorus, total coliform
and turbidity
3
excessive conductivity, total phosphorus, chlorophyll 3
and turbidity




excessive conductivity, total phosphorus and turbidity
13—16
12
excessive conductivity, total phosphorus, chlorophyll E
and turbidity









excessive total phosphorus, chlorophyll a and turbidity
21
excessive conductivity, total phosphorus,
total coliform,




excessive total phosphorus and turbidity








total coliform and turbidity
8 excessive turbidity






6, 8 & 10 excessive turbidity
9
excessive total phosphorus, total coliform and turbidity
* Chloride results have not been included in this summary because regional
mean concentrations in excess of the criteria established do not imply any
Oxygen saturation has also been omitted because of the
confusing possibility of having both subsaturation and supersaturation with—
in a single region.
I.J.C. objective (see footnote on preceding page).
kind of problem.


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































     














in regions 2 & 3.
increase in reg-




regions 1 a 3, no
change in region 2.
      
  
summer: no change






in regions 2 & 3.
 
summer: no change
in regions 1 & 2,
decrease in region
3.
   
   
    
 
 
Lake Ontario an increase is








3, 4, 6, 7 & 15,
decrease for reg—
ions 1 & 11 with
no change in all
other regions.









in most regions, ex-




     
    
      
       
        
 
   
  
 








all or most seas-
ons for regions 1
to 12 and 17, no
change in regions
13 to 15 and 19










cates no change or
a decrease in all
regions except reg-
ion 21 where an in-
crease is observed.
  
       
          
     
      
  
















rved in regions 1,
2, 3, 5 & 7, no
significant change
in regions 4 & 6.
general tendency
is for an incr-
ease with only the
subsurface of reg-





change is the gen-
eral trend.
  
    
     
        
       
    










cate no change or
a decrease with
the exception of








cate a decrease ex—
cept for regions 8
a 9 where no signi—
ficant change is
observed.
      
       
        
    
    
   










red in the sub-
surface of reg—
ions 2, 3 & 4.
a decrease in reg-





in regions 2 & 4
with no change in
regions 1 a 3.
a significant decr—
ease or no change
in all regions.
   
  
    
         
     
   
  
   
Lake Superior y
   
 
     








































   






















temporal trend for this season.




























in regions 1 & 3,



































wide trend is ev—
ident, only reg—












change in all re—
gions.
no change in reg—
ions 1, 2, 3 & 8
while an increase
is noted for reg-














A & 6 showing
persistent incr—
eases and regions

























spring and in reg-
ions 8 :o 15 during
the summer, eastern





disc depths in most
regions with only
region 1 showing a
general increase.
decreases in reg—




rease in regions 1,
2 & 5, with no ch—
ange in other regions.
increase in regions
2, 3 a 4 and no
change in region 1.
increases in reg-
ions 4, 5, 6 & 7
and decreases in






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































exists a great volume of information to be gleaned from these
data. This study has provided, hopefully, a beginning and some
direction to future work.
258
 259
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